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This Administrative Report is issued as an informal document to ensure prompt 
dissemination of preliminary results, interim reports and special studies. We 
recommend that it not be abstracted or cited. 
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INTRODUCTION 

n 

A s  r e p o r t e d  t o  you l a s t  yea r ,  tuna  r e s e a r c h  i n  t h e  Na t iona l  
Marine F i s h e r i e s  S e r v i c e  was r e s t r u c t u r e d  i n  1985. The Sou theas t  
F i s h e r i e s  Center  i n  M i a m i  was given r e s p o n s i b i l i t y  f o r  a l l  N M F S  
r e s e a r c h  i n  s u p p o r t  of t h e  I n t e r n a t i o n a l  Commission f o r  t h e  
C o n s e r v a t i o n  of A t l a n t i c  Tunas; t h e  S o u t h w e s t  F i s h e r i e s  C e n t e r  
r e s p o n s i b i l i t y  f o r  a l l  NMFS r e s e a r c h  f o r  t h e  I n d i a n  Ocean, 
w e s t e r n  and c e n t r a l  P a c i f i c  and  any Federal  e f f o r t s  a s s o c i a t e d  
w i t h  t h e  e a s t e r n  t r o p i c a l  P a c i f i c .  " T h i s  d i v i s i o n  o f  
r e s p o n s i b i l i t i e s , "  w r o t e  D r .  J o s e p h  Ange lov ic ,  NMFS A s s i s t a n t  
Admin i s t r a to r  f o r  Sc ience  and Technology, " fo l lows  t h e  geography-
r e l a t e d  p r i n c i p l e s  t h a t  u n d e r l i e  o u r  f i s h e r i e s  o b j e c t i v e s  
system. 'I 

I n  r e s p o n s e  t o  A n g e l o v i c l s  mandate  and  c o g n i z a n t  of t h e  
s i g n i f i c a n t  changes w h i c h  have occurred  i n  t h e  world tuna  f i s h i n g
i n d u s t r y  and p a r t i c u l a r l y  i n  t h e  U.S. t u n a  f i s h e r y  i n  t h e  p a s t
s e v e r a l  y e a r s ,  t h e  SWFC i d e n t i f i e d  f o u r  m a j o r  g o a l s  f o r  a t u n a  
r e sea rch  program which w i l l  meet n a t i o n a l  needs f o r  r e sea rch  and 
management and  a s s i s t  t h e  U.S. t u n a  i n d u s t r y  t o  improve  t h e i r  
a b i l i t y  t o  compete i n t e r n a t i o n a l l y .  The g o a l s  w e  have developed
f o r  t h e  Center ' s  t una  program are s e t  f o r t h  i n  g r e a t e r  d e t a i l  on 
t h e  fo l lowing  pages. 

Al though t h i s  was a y e a r  of change  and t r a n s i t i o n ,  i t  was 
a l s o  a yea r  of accomplishments i n  t una  and tuna-related research 
a t  t h e  S o u t h w e s t  F i s h e r i e s  C e n t e r .  For  example ,  w e  began  a n  
ambi t ious  5-year r e s e a r c h  program designed t o  monitor t r e n d s  i n  
abundance of do lphin  k i l l e d  i n c i d e n t a l l y  t o  f i s h i n g  o p e r a t i o n s  by 
t h e  U.S. p u r s e  s e i n e  f i s h e r y  f o r  t r o p i c a l  t u n a s  i n  t h e  e a s t e r n  
t r o p i c a l  P a c i f i c .  The f i r s t  s u r v e y  was p l a n n e d  and c a r r i e d  o u t  
o v e r  a 5-month p e r i o d ,  u s i n g  two NOAA r e s e a r c h  v e s s e l s  t h a t  
c r i s s c r o s s e d  t h e  P a c i f i c  f o r  a t o t a l  of 4 3 , 0 0 0  n a u t i c a l  miles.  
T h e  s u r v e y  p r o v i d e d  i n f o r m a t i o n  on d o l p h i n s  a s  w e l l  a s  f o r  a 
b r o a d  s p e c t r u m  of ocean  s t u d i e s ,  i n c l u d i n g  t h e  wa tch  of t h e  E l  
Ni6o. 

S c i e n t i s t s  f r o m  t h e  C e n t e r ' s  H o n o l u l u  a n d  L a  J o l l a  
L a b o r a t o r i e s  j o i n e d  c o l l e a g u e s  from N e w  Zealand, Tonga, t h e  Cook 
I s l a n d s  and France f o r  a t h r e e - s h i p  s u r v e y  of t h e  a l b a c o r e  
r e s o u r c e  i n  a band of water c a l l e d  t h e  S u b t r o p i c a l  Convergence  
e x t e n d i n g  f rom C h i l e  t o  N e w  Zea land  a b o u t  2 , 4 0 0  m i l e s  s o u t h  of 
t h e  Equator. Commercial f i she rmen  who a s s i s t e d  i n  t h e  survey by
t a g g i n g  f i s h  a n d  t a k i n g  o c e a n o g r a p h i c  m e a s u r e m e n t s ,  made 
e x c e l l e n t  c a t c h e s  of a l b a c o r e  i n  t h e  a rea  ( u p  t o  1 0  t o n s  p e r
day). NMFS f i s h e r y  e x p e r t s  b e l i e v e  t h a t  t h e  exce l l en t  p o t e n t i a l
of t h e  Sou th  P a c i f i c  f i s h e r y  i s  a f o r t u i t o u s  c i r c u m s t a n c e  f o r  
U . S .  f i s h e r m e n  who have  been  e x p e r i e n c i n g  l o w e r  c a t c h  r a t e s  i n  
t h e  North P a c i f i c .  
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I n  o t h e r  d e v e l o p m e n t s  i n  t u n a  r e s e a r c h ,  t h e  H o n o l u l u  
L a b o r a t o r y  s p o n s o r e d  a workshop t o  r e v i t a l i z e  t h e  Hawai i  a k u  
i n d u s t r y ,  s t u d i e s  were c o n d u c t e d  on b i l l f i s h  b e h a v i o r  and 
v u l n e r a b i l i t y  t o  c o m m e r c i a l  and  r e c r e a t i o n a l  f i s h i n g  g e a r s ,
methods were developed t o  u s e  i n fo rma t ion  c o l l e c t e d  by obse rve r s  
on  t u n a  v e s s e l s  t o  m o n i t o r  c h a n g e s  i n  t h e  r e l a t i v e  abundance  of 
do lph ins  i n  t h e  e a s t e r n  t r o p i c a l  P a c i f i c ,  s k i p j a c k  and mahimahi 
were tracked w i t h  u l t r a s o n i c s ,  s t u d i e s  were conducted on t h e  r o l e  
of n a t u r a l  m o r t a l i t y  i n  tuna  models, t h e  Center  w a s  involved i n  
t h e  development of an  a r c h i v a l  t a g  f o r  tuna,  and many o t h e r s .  

During t h e  p a s t  year ,  22 papers  were publ ished on tuna  and 
t u n a - r e l a t e d  sub jec t s ,  i n c l u d i n g  p u b l i c a t i o n  of t h e  Proceedings
of t h e  I n t e r n a t i o n a l  Commission f o r  t h e  Conservat ion of A t l a n t i c  
Tunas C o n f e r e n c e  on t h e  I n t e r n a t i o n a l  S k i p j a c k  Year Program,
e d i t e d  by Gary Sakagawa of t h e  SWFC. 

T h e  r e p o r t  w h i c h  f o l l o w s  h e r e  i s  n o t  i n t e n d e d  a s  a 
c o m p r e h e n s i v e  a c c o u n t  of ou r  work on t u n a  and  t u n a - r e l a t e d  
s u b j e c t s ,  b u t  r a t h e r  as  an  informal  statement of major a c t i v i t i e s  
and events.  

The i n f o r m a t i o n  was c o m p i l e d  by L i l l i a n  Vlymen and Jean  
Michalski,  Technical  W r i t e r d E d i t o r s  on my s t a f  f r  from mater ia l  
s u p p l i e d  by C e n t e r  s c i e n t i s t s  a t  l a b o r a t o r i e s  i n  Honolu lu ,  L a  
J o l l a ,  and Monterey ( P a c i f i c  Fisheries Environmental Group) I and 
by t h e  s t a f f  o f  t h e  S o u t h w e s t  R e g i o n  i n  T e r m i n a l  I s l a n d ,  
C a l i f o r n i a .  

L 
Ivadore Barrettr Director 

J!JMFtf Southwest Fisheries Center 

Mayr 1987 
L a  J o l l a ,  C a l i f o r n i a  
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THE U.S. TUNA INDUSTRY I N  1986 

I n  a r e v e r s a l  of r e c e n t  t r e n d s ,  U.S. c a n n e r y  r e c e i p t s 1  of 
i m p o r t e d  and d o m e s t i c a l l y - c a u g h t  a l b a c o r e  ( w h i t e  meat) a n d  
t r o p i c a l  ( l i g h t  meat) t u n a s  ( s k i p j a c k ,  y e l l o w f i n ,  b l a c k f  i n ,  
b l u e f i n ,  and bigeye tuna)  rose sha rp ly  i n  1986, reaching  5231651 
s h o r t  t o n s  ( t o n s ) ,  a n  increase  of 1 2 %  f rom 1985 ( F i g u r e  1).
Cannery d e l i v e r i e s  by domest ic  v e s s e l s  t o t a l e d  243 ,913 tons ,  up
6% from 19851 whi l e  impor t s  of raw tuna  r o s e  1 6 %  t o  2 9 6 ~ 5 4 8  tons.  
With t h e  i n c r e a s e  i n  raw tuna  s u p p l i e s ,  t h e  t o t a l  pack of canned 
tuna  by U.S. p rocesso r s  reached 32.7 m i l l i o n  s t a n d a r d  ca sed ,  u p
1 7 %  f r o m  1 9 8 5 .  On t h e  o t h e r  h a n d ,  i m p o r t s  of  c a n n e d  t u n a  
c o n t i n u e d  t o  i n c r e a s e  d u r i n g  1986 ,  and t h e  U.S. t u n a  f l e e t  
underwent a f u r t h e r  reduct ion .  

I n  t h e  U.S.1 s k i p j a c k ,  y e l l o w f i n ,  b i g e y e ,  and b l u e f i n  t u n a  
are c o l l e c t i v e l y  canned as l i g h t  meat tuna. The 6.5-ounce can of 
chunk s t y l e ,  l i g h t  meat t u n a  i n  water h a s  i n  r e c e n t  y e a r s  been  
t h e  most popular  tuna  product  consumed i n  t h e  U.S. The domest ic  
pack of a l l  l i g h t  meat p r o d u c t s  t o t a l e d  24.6 m i l l i o n  s t a n d a r d  
cases i n  1986 ,  a g a i n  o f  1 6 % f r o m  1985. The t o t a l  c a n n e r y  s u p p l y
of raw l i g h t  meat t u n a - - d o m e s t i c  d e l i v e r i e s  p l u s  i m p o r t s - - f o r  
1986 was 407,832 tons,  up 11%from 1985, b u t  4% below t h e  1981-85 
annual average. 

A t  t h e  b e g i n n i n g  of 1986 ,  t h e  U.S.  t r o p i c a l  t u n a  f l e e t  
c o n s i s t e d  o f  1 1 0  v e s s e l s  w i t h  a n  o v e r a l l  c a r r y i n g  c a p a c i t y  of  
991594 tons.  By year  end, t h e  f l e e t  had exper ienced  a 20% l o s s  i n  
numbers ,  and  a 7 % d e c l i n e  i n  c a p a c i t y .  D e s p i t e  t h e  r e d u c t i o n  i n  
f l e e t ,  r e c e i p t s  of domest ical ly-caught ,  l i g h t  meat tuna  t o t a l e d  
223,666 t o n s  i n  1986,  8% above  r e c e i p t s  f o r  1985. T h i s  t o t a l  
c o m p r i s e d  90,605 t o n s  of s k i p j a c k  t u n a  and 133 ,061  t o n s  of 
y e l l o w f i n  t u n a  ( i n c l u d e s  b i g e y e ,  b l u e f i n  and b l a c k f  i n  t u n a )  I a n  
8% jump i n  sk ip j ack  d e l i v e r i e s  and an i n c r e a s e  of 8% i n  y e l l o w f i n  
d e l i v e r i e s  f r o m  1 9 8 5 .  I n  a d d i t i o n  t o  d e l i v e r i e s  t o  U.S.  
c anne r i e s ,  U.S. f l a g  v e s s e l s  exported3 31,304 t o n s  of l i g h t  meat 
t u n a  t o  f o r e i g n  c a n n e r i e s  i n  1986,  down 1 0 %  f r o m  1985. When 
e x p o r t s  are  combined w i t h  domestic d e l i v e r i e s  t o  U.S. canne r i e s ,  
t o t a l  U.S. d e l i v e r i e s  were 254,970 t o n s ,  5% g r e a t e r  t h a n  t h e  
cor  responding amount f o r  1985. 

1Cannery r e c e i p t s  i n c l u d e  only tuna  d e s t i n e d  f o r  U.S. canner ies .  
Cannery r e c e i p t s  e x c l u d e  U.S.-caught t u n a  l a n d e d  a t  f o r e i g n
s i tes ,  U.S.-caught t u n a  l a n d e d  a t  U.S.  s i t e s  t h a t  i s  d e s t i n e d  
f o r  f o r e i g n  c a n n e r i e s ,  U.S.-caught tuna  d e s t i n e d  f o r  t h e  f resh-
f i s h  m a r k e t ,  tuna  imported as  f l a k e s ,  imported t u n a  n o t  f i t  f o r  
human consumption, and imported "sushi"  g rade  tuna.  

2A s t anda rd  case c o n s i s t s  of 48 6.5-ounce cans  o r  19.5 pounds. 

3 E x p o r t s  i n c l u d e  t u n a  l a n d e d  d i r e c t l y  i n  o r  t r a n s s h i p p e d  t o  a 
f o r e i g n  country;  e x c l u d e s  tuna  expor ted  from U.S. e a s t  coas t .  
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I m p o r t s  of l i g h t  meat t u n a  i n c r e a s e d  1 5 %  i n  1 9 8 6 1  r e a c h i n g  
1841166  t o n s .  I m p o r t s  of y e l l o w f i n  amounted t o  791135 t o n s 1  up
17% from 1985. Skipjack made up t h e  ba lance  of l i g h t  meat impor t s
i n c r e a s i n g  13% f rom 1985. 

Albacore1 which i s  t h e  o n l y  s p e c i e s  t h a t  may be canned  a s  
w h i t e  meat t u n a  i n  t h e  U.S. a c c o u n t e d  f o r  a p p r o x i m a t e l y  25% of 
t h e  t o t a l  U.S. canned tuna  pack i n  1986. The t o t a l  cannery supply
reached 1151819 t o n s  i n  19861 1 4 %  above r e c e i p t s  f o r  1985 and 17% 
above  t h e  1 9 8 1 - 1 9 8 5  a v e r a g e .  T h e  d o m e s t i c  pack of w h i t e  meat 
t u n a  f o r  1 9 8 6  amounted t o  8.1 m i l l i o n  s t a n d a r d  cases  3 0 %  above  
t h e  pack i n  1985 .  

The volume of domest ica l ly-caught  a l b a c o r e  d e l i v e r e d  t o  U.S. 
c a n n e r i e s  i n  1 9 8 6  t o t a l e d  31527 t o n s t  49% l e s s  t h a n  t h e  amount  
i n  1985. U.S. cannery r e c e i p t s  of imported raw a l b a c o r e  t o t a l e d  
1 1 2 , 2 9 2  t o n s  i n  1 9 8 6 1  a n  1 8 %  i n c r e a s e  f r o m  1 9 8 5 .  I m p o r t s
accounted f o r  97% of t h e  1986 t o t a l  cannery supply compared w i t h  
93% i n  1 9 8 5 .  

The wes te rn  Pacific Ocean4 was t h e  pr imary product ion  a r e a  
f o r  t h e  U.S. f l e e t  i n  1 9 8 6 1  p r o v i d i n g  1431777  tons- -56% of t h e  
domest ica l ly-caught  cannery r e c e i p t s  and d i rec t  e x p o r t s  f o r  t h e  
year--an 8% i n c r e a s e  i n  wes te rn  Pacific d e l i v e r i e s  from 1985. The 
wes tern  Pac i f ic  was a l s o  t h e  area from which  most of t h e  raw t u n a  
impor t s  o r i g i n a t e d  i n  19861 671900 t o n s t  23% of t o t a l  impor ts  by
oceanic  area. 

Not o n l y  was t h e  U.S. c anned  t u n a  pack up f rom 1 9 8 5 ,  canned  
i m p o r t s  s e t  a new volume r e c o r d  i n  1 9 8 6 1  r e a c h i n g  1 2 . 1  m i l l i o n  
s t a n d a r d  cases. T h i s  r e p r e s e n t s  a 11%i n c r e a s e  f rom 1 9 8 5  and a n  
i n c r e a s e  of 1 7 0 %  s i n c e  1981 .  I m p o r t s  were d o m i n a t e d  by t u n a  
packed i n  water which is s u b j e c t  t o  a much lower impor t  duty than  
t u n a  packed i n  o i l .  When canned  i m p o r t s  were combined w i t h  U.S. 
p r o d u c t i o n 1  t h e  t o t a l  a d d i t i o n  t o  U.S. c a n n e d  s u p p l i e s  i n  1 9 8 6  
was 44.8 m i l l i o n  s t a n d a r d  cases1 up 15% f rom 1985. 

No a c t i o n  was taken  on l e g i s l a t i o n  in t roduced  i n t o  t h e  U.S. 
House  of R e p r e s e n t a t i v e s  d u r i n g  1 9 8 5  w h i c h  was a i m e d  a t  
e l i m i n a t i n g  t h e  t a r i f f  d i f f e r e n c e  between i m p o r t s  of canned tuna  
i n  water and  canned  t u n a  i n  o i l .  Howevert a s  requested by t h e  
U.S. Trade R e p r e s e n t a t i v e ,  t h e  I n t e r n a t i o n a l  T rade  Commission 
c o n d u c t e d  a "332  i n v e s t i g a t i o n "  d u r i n g  1 9 8 6  f o r  t h e  p u r p o s e  of 
g a t h e r i n g ,  p r e s e n t i n g ,  a n d  a n a l y z i n g  i n f o r m a t i o n  o n  t h e  
c o m p e t i t i v e  and economic f a c t o r s  a f f e c t i n g  t h e  performance of t h e  
U.S. t u n a  i n d u s t r y  (U.S .  I n t e r n a t i o n a l  T rade  Commission,  1 9 8 6 ) .
U n l i k e  t h e  C o m m i s s i o n ' s  1 9 8 4  "201 i n v e s t i g a t i o n "  ( U . S .
I n t e r n a t i o n a l  Trade Commission,  1 9 8 4 ) r  t h e  3 3 2  s t u d y  was n o t  
c o n d u c t e d  i n  r e s p o n s e  t o  a p e t i t i o n  f o r  i m p o r t  r e l i e f ,  and 
t h e r e f o r e  d i d  n o t  r e q u i r e  a d e t e r m i n a t i o n  on t h e  Commiss ion ' s  
p a r t  as  t o  whe the r  s u c h  r e l i e f  was warranted.  

au 

rb 

# 
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4 T h e  e a s t e r n  a n d  w e s t e r n  P a c i f i c  f o r  t h i s  r e p o r t  a r e  
d i s t i n g u i s h e d  a t  150°W l ong i tude .  
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The r e t a i l  composi te  canned t u n a  p r i c e ,  which decreased  2% 
i n  1985, f e l l  an  a d d i t i o n a l  2% dur ing  1986. The downward p r i c e
t r e n d  c o n t r i b u t e d  t o  c o r r e s p o n d i n g  g r o w t h  i n  o v e r a l l  a p p a r e n t
consumption which inc reased  approximate ly  5% i n  19861 f o l l o w i n g  
a 3% i n c r e a s e  f o r  a l l  of 1985.  On t h e  f r e s h  f i s h  f r o n t ,  l a n d i n g s
and sales of U.S. f r e s h  and f r e sh - f rozen  t u n a  products  cont inued  
t o  improve dur ing  1986. 

Termination of Mexican Tuna Embargo 

Of p a r t i c u l a r  i n t e r e s t  w i t h  r e g a r d  t o  l i g h t  meat t u n a  
i m p o r t s  i n  1986,  was t h e  t e r m i n a t i o n ,  i n  August ,  of t h e  embargo 
on U.S. impor t s  of Mexican-caught tuna  which was i n s t i t u t e d  i nI 

J u l y  1980 a f te r  t h e  s e i z u r e  of U.S. t una  v e s s e l s  w i t h i n  Mexico's 
200-mi le  t e r r i t o r i a l  f i s h e r y  zone. R e c o g n i z i n g  t h e  p o t e n t i a l
economic s t ress  t h a t  an inunda t ion  of e x p o r t s  could impose on t h e  
U.S. t u n a  i n d u s t r y ,  Mexico a g r e e d  v o l u n t a r i l y  t o  l i m i t  i t s  
e x p o r t s  of t u n a  p r o d u c t s  t o  t h e  U.S., wh ich  would p r e s u m a b l y
c o n s i s t  m a i n l y  of f r o z e n  l i g h t  meat t u n a ,  t o  t h e  f o l l o w i n g
maximum l e v e l s  beginning September It 1986: 

Volume 
t o n s  

t h  Per iod  ending (round weiaht  e w i v a l e n t )  

August 31, 1987 
August 31, 1988 
August 31, 1989 

1 9 ~ 2 9 0  
24 1 8 0 2  
3 0 r 3 1 4  

(Source: Off ice  of F i s h e r i e s  Af fa i r s ,  U.S. S ta te  Department.) 

A f t e r  August  3 1 r  1 9 8 9 ,  t h e r e  w i l l  be no v o l u n t a r y  r e s t r a i n t  on 
imports .  

S i n c e  f r o z e n  t u n a  d e l i v e r e d  t o  U.S. p r o c e s s o r s  i s ,  f o r  t h e  
mos t  p a r t ,  a homogeneous commodity,  a n  i n c r e a s e  i n  s u p p l y  f r o m  
one source  w i l l  have an impact  on t h e  demand, and p r i c e  r ece ived  
f o r  f r o z e n  t u n a  f rom a l l  o t h e r  s o u r c e s .  The immediate  e f f e c t  of 
Mexico r e d i r e c t i n g  i t s  e x p o r t s  of f r o z e n  t u n a  t o  t h e  U.S. w i l l  
probably be p r i c e  r e d u c t i o n s  i n  t h e  U.S. market f o r  f r o z e n  tuna.  
Because U.S. tuna  f i shermen have r e l a t i v e l y  few ex-vessel  m a r k e t  
a l t e r n a t i v e s ,  t h e y  w i l l  bear t h e  b r u n t  of any p r i c e  r e d u c t i o n s .  
On t h e  o t h e r  hand, c o n f r o n t e d  w i t h  l o w e r  p r i c e s  i n  t h e  U.S. 
market, f o r e i g n  (non-Mexican) s u p p l i e r s  w i l l  l i k e l y  d i v e r t  t h e i r  
e x p o r t s  t o  o t h e r  f o r e i g n  markets t h a t  are  r e l a t i v e l y  una f fec t ed  
by t h e  i n c r e a s e  i n  U.S.-Mexico trade.  

Lower e x - v e s s e l  p r i c e s  t r a n s l a t e  i n t o  r e d u c e d  p r o c e s s i n g  
c o s t s  f o r  U.S. c a n n e r s .  T o  t h e  e x t e n t  t h a t  Mexican e x p o r t e r s
redirect  t h e i r  sh ipments  t o  t h e  U.S. market, t he re  w i l l  probably 
not  be a d e c l i n e  i n  t h e  p r i c e  of f r o z e n  tuna  i n  non-U.S. markets. 
Under  t h e s e  c i r c u m s t a n c e s ,  U . S .  p r o c e s s o r s  e x p e r i e n c e  a 
c o m p e t i t i v e  a d v a n t a g e  v i s - a - v i s  f o r e i g n  p r o c e s s o r s  i n  t h e  
domest ic  canned tuna  market, thereby  provid ing  U.S. p rocesso r s  a n  
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o p p o r t u n i t y  t o  i nc rease  t h e i r  market s h a r e .  I f  t h i s  o c c u r s l  
i n c r e a s e d  o u t p u t  by domest ic  p rocesso r s  s imply  d i s p l a c e s  impor t s
of canned t u n a  and t h e r e  i s  l i t t l e  n e t  e f f e c t  on p r i c e s .  

Y 

Southwest  F i s h e r i e s  Center s c i en t i s t s  Gary Sakagawa, A t i l i o  
Coanr and Norman Bar too  have completed a manuscr ipt ,  “ P a t t e r n s  i n  
l o n g l i n e  f i s h e r y  d a t a  and b igeye  tuna  ca t ches , ”  which d e t a i l s  t h e  
h i s t o r i c a l  s h i f t s  i n  f i s h i n g  g l o b a l  s t r a t e g y  by t h e  m a j o r
l o n g l i n i n g  n a t i o n s  and e x a m i n e s  t h e  C a u s a l  f a c t o r s .  R e s u l t s  
i n d i c a t e  t h a t  i n  t h e  Japanese  l o n g l i n e  f i s h e r y ,  f i s h i n g  s t r a t e g y
changed  f rom a l b a c o r e  t o  b i g e y e  t u n a  as t h e  t a r g e t  s p e c i e s  i n  
response  t o  economic p res su res .  

These  p r e s s u r e s  i n c l u d e  increased  o p e r a t i n g  c o s t ,  l o w  
a l b a c o r e  p r i ces ,  and  h i g h  p r i c e s  f o r  b i g e y e  t u n a  f o r  s a s h i m i -
grade  f i s h .  The r e s u l t s  a r e  suppor ted  by evidence t h a t  a l b a c o r e  
c a t c h  r a t e s  have remained a t  h igh  l e v e l s  t h a t  were exper ienced  by P 

t h e  j apanese  f i s h e r y  b e f o r e  t h e  s h i f t ,  and t h e  s h i f t  occur red  i n  
t h e  P a c i f  i c t  A t l a n t i c ,  a n d  I n d i a n  O c e a n s  a p p r o x i m a t e l y
s imul taneous ly .  

c 
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INDO-PACIFIC TUNA 

Al though  t h e r e  i s  l i t t l e  p a r t i c i p a t i o n  a t  p r e s e n t  by U.S. 
f i shermen i n  Ind ian  Ocean f i s h e r i e s ,  t h e  area of t h e  Ind ian  Ocean 
c o n t i n u e s  t o  be of i n t e r e s t  a s  p o t e n t i a l l y  p r o d u c t i v e  and  a s  a 
s o u r c e  of t u n a  t o  meet g rowing  demand. I n  r e c e n t  y e a r s ,  F r e n c h  
and Spanish tuna  s e i n e r s  have moved i n t o  t h e  area where they  a r e  
exper ienc ing  high c a t c h  rates, As t r a d i t i o n a l  t una  s t o c k s  begin  
t o  b e  m o r e  f u l l y  e x p l o i t e d  a n d  c a t c h  r a t e s  dec rease ,  t h e  
p o t e n t i a l  f o r  g r e a t l y  inc reased  l a n d i n g s  of v a r i o u s  t u n a s  i n  t h i s  
p a r t  of t h e  world ocean w i l l  become more impor t an t  and a t t r a c t i v e  
t o  U.S. f i s h e r m e n ,  

A t  t h e  Southwest F i s h e r i e s  Center  i n  Honolulu, Hawaii and L a  
J o l l a ,  C a l i f  o r n i a ,  s c i e n t i s t s  ma in ta in  an a c t i v e  involvement i n  
f i s h e r i e s  r e s e a r c h  i n  t h e  I n d o - P a c i f i c  t h r o u g h  r e g u l a r
p a r t i c i p a t i o n  i n  m e e t i n g s  and  workshops  s p o n s o r e d  by s u c h  
I n t e r n a t i o n a l  o r g a n i z a t i o n s  a s  t h e  I n d o - P a c i f  i c  F i s h e r y
Commission (IPFC) I t h e  Ind ian  Ocean F i she ry  Commission ( I O F C )  and 
FA0. 

I n  December, 19861  Gary Sakagawar Ch ie f  of t h e  P e l a g i c
F i s h e r i e s  R e s o u r c e s  D i v i s i o n  t r a v e l e d  t o  Colombo, S r i  Lanka t o  
a t t e n d  meet ings on tuna  r e sources  i n  t h e  Ind ian  Ocean. The f i r s t  
m e e t i n g  was o r g a n i z e d  by t h e  Indo-Pac i f  i c  Tuna Development  and  
Management Program ( I P T P ) ,  a t  which he d e l i v e r e d  two papers. 

The 35 p a r t i c i p a n t s  i n  t h e  IPTP e x p e r t  c o n s u l t a t i o n  meet ings
r e v i e w e d  i n f o r m a t i o n  on t h e  s t a t e  of I n d i a n  Ocean t u n a  s t o c k s  
and f i sher ies  development. The f a s t e s t  developing f i s h e r i e s  a r e  
f o r  t r o p i c a l  tunas ,  y e l l o w f i n  and s k i p j a c k  tuna,  which a r e  caught
by v e s s e l s  of c o a s t a l  and d i s t a n t - w a t e r  na t ions .  The 1985 c a t c h  
was approximately 243,000 metric t o n s  ( m t ) ,  an  i n c r e a s e  of 26% 
over 1984. Although t h e  c o a s t a l  n a t i o n s  a re  concerned over t h i s  
rap id  deve lopmen t  ( p r i m a r i l y  o v e r  i n c r e a s e d  r i v a l r y  b e t w e e n  
c o a s t a l  a r t i s a n a l  f i shermen and t h e  high-seas  pu r se  s e i n e  f lee t s )
t h e  s t o c k s  appear  t o  be hea l thy  and capab le  of s u s t a i n i n g  f u r t h e r  
i n c r e a s e s  i n  e x p l o i t a t i o n .  

C a t c h e s  of o t h e r  p r i n c i p a l  t u n a  s p e c i e s  ( b i g e y e ,  a l b a c o r e ,  
and  s o u t h e r n  b l u e f i n )  amounted t o  a b o u t  8 4 , 0 0 0  m e t r i c  t o n s  i n  
1985; t h e  f i s h e r i e s  f o r  t h e s e  s p e c i e s  a r e  p r i m a r i l y  w i t h  l o n g l i n e  
g e a r ,  employed by v e s s e l s  of J a p a n ,  Korean,  and Taiwan. T h e  
sou the rn  b l u e f i n  t u n a  s t o c k  is  ove rexp lo i t ed ,  whereas t h e  b igeye
and a l b a c o r e  s t o c k s  a p p e a r  t o  be f u l l y  e x p l o i t e d  w i t h o u t  much  
scope f o r  i nc reased  catches w i t h  t h e  l o n g l i n e  gear. 

The secondary tuna  and t u n a - l i k e  s p e c i e s ,  o r  " s m a l l  t u n a s , "  
a r e  impor t an t  sou rces  of p r o t e i n  and employment f o r  f i s h e r m e n  of 
t h e  c o a s t a l  n a t i o n s  of t h e  I n d i a n  Ocean. I n  1 9 8 5  a b o u t  2 1 2 , 0 0 0  
m t  of small  t unas  were c a u g h t  p r i m a r i l y  by a r t i s ana l  fishermen. 
L o n g t a i l  t u n a  and  seerf  i s h e s  a r e  t h e  p r i m a r y  s p e c i e s  e x p l o i t e d  
and a r e  h i g h  on t h e  l i s t  f o r  f u r t h e r  f i s h e r y  deve lopmen t  by t h e  
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c o a s t a l  n a t i o n s .  No i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  s t a t e  of 
t h e s e  s tocks .  

The second meeting was organized  by t h e  Ind ian  Ocean F i she ry  
Commission ( IOFC)  and involved members of t h e  C o m m i t t e e  f o r  t h e  
Management of I n d i a n  Ocean Tuna. R e p r e s e n t a t i v e s  from F r a n c e #  
Japanr Korear Maldivesr Maur i t ius ,  Mozambiquer Seychel les r  Spainr
S r i  LankarTanzaniar  T h a i l a n d  and  t h e  U,S .  p a r t i c i p a t e d  i n  t h e  
IOFC Committee meeting. Act ions adopted by t h e  commit tee  were: 
1) recommended c o n t i n u e d  c o l l e c t i o n  of f i s h e r y  s t a t i s t i c s  and  
c o n d u c t  of r e s e a r c h  on s t o c k  s t r u c t u r e r  b i o l o g y  and  s t o c k  
a s s e s s m e n t ;  2)  recommended f u n d i n g  of $1.25 m i l l i o n  be secured 
f o r  a Tuna Fisher ies  I n t e r a c t i o n  Programme; 3) made minor wording
changes t o  p r o j e c t  document f o r  cos t - sha r ing  (55% United Nat ions 
Development Program (UNDP)  I 45% c o u n t r i e s )  of 1987-89 budget of 
$1.05 m i l l i o n  t o t a l  f o r  IPTP;  4 )  e s t a b l i s h e d  c o m m i t t e e  ( F r a n c e ,
Japant S r i  Lankar Thai land and Seyche l l e s  and EEC as  observer )  t o  
develop o p t i o n s  f o r  t h e  f u t u r e  of IPTP a c t i v i t i e s  a f t e r  1989 when 
UNDP f u n d i n g  t e r m i n a t e s ;  and  5 )  e lected S r i  Lanka t o  c h a i r  
committee and M a u r i t i u s  and Spain t o  provide  v i c e  chairmen. The 
next  s e s s i o n  of t h e  committee w i l l  probably be he ld  i n  M a u r i t i u s r  
pending fo rma l  i n v i t a t i o n  from t h a t  government. 

INTERNATIONAL SKIPJACK YEAR PROGRAM VOLUME PUBLISHED 

The P r o c e e d i n g s  of t h e  I n t e r n a t i o n a l  Commission f o r  t h e  
C o n s e r v a t i o n  of A t l a n t i c  T u n a s  ( I C C A T )  C o n f e r e n c e  on  t h e  
I n t e r n a t i o n a l  S k i p j a c k  Year Program was p u b l i s h e d  i n  Oc tobe r r  
1 9 8 6 r  a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  l i t e r a t u r e  on t h i s  
s u b j e c t ,  F o r t y - f i v e  p a p e r s  p r e s e n t e d  a t  t h e  Conf e r e n c e r  which 
was h e l d  i n  S a n t a  Cruzr T e n e r i f e r  S p a i n ,  f rom J u n e  2 1  t h r o u g h
J u n e  2 9 ,  1 9 8 3 r  m a k e  up t h e  c o r e  s e c t i o n s  of t h i s  p u b l i c a t i o n .
T h i s  vo lume r e p r e s e n t s  t h e  c o m p l e t i o n  of t h e  S k i p j a c k  Year 
Program and t h e  a t t e n d a n t  research t h a t  was carried ou t  by ICCAT 
over a p e r i o d #  1979-1983. 

The work program was c a r r i e d  o u t  under  t h e  a u s p i c e s  of t h e  
I n t e r n a t i o n a l  Commission f o r  t h e  Conservat ion of A t l a n t i c  Tunas. 
Gary Sakagawar C h i e f  of t h e  P e l a g i c  F i she ry  Resources Div i s ion  a t  
t h e  L a  J o l l a  Laboratory,  s e rved  as t h e  convener of t h e  committee 
t h a t  o r g a n i z e d  and  p l a n n e d  t h e  r e s e a r c h  programr and a s  t h e  co-
e d i t o r  of t h e  f i n a l r  388-page volume. S c i e n t i s t s  f rom t h e  
Southwest F i s h e r i e s  Center  c o n t r i b u t e d  s i x  research papers  t o  t h e  
volume . 

U.S.-SOUTH PACIFIC ISLANDS REGIONAL FISHERIES TREATY# 1987 

Dur ing  t h e  p a s t  s e v e r a l  y e a r s t  t h e  U.S. t u n a  f l e e t  h a s  been  
f i s h i n g  e x t e n s i v e l y  i n  t h e  W e s t e r n  P a c i f i c  Ocean. T h i s  r e g i o n
h a s  now become a s i g n i f i c a n t  f i s h i n g  a r e a  f o r  t h e  t u n a  f l e e t r  
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a l though i t s  t r a d i t i o n a l  f i s h i n g  grounds i n  t h e  e a s t e r n  Pac i f ic  
remain impor t an t  as  w e l l .  

The U.S. n e i t h e r  c l a i m s  no r  r e c o g n i z e s  j u r i s d i c t i o n  o v e r  
h igh ly  migra tory  species beyond 12 n a u t i c a l  miles from t h e  coas t .  
However, a l l  Pacif ic  I s l a n d  s t a t e s  claim j u r i s d i c t i o n  over  tuna  
t o  200 n a u t i c a l  m i l e s  f r o m  t h e i r  c o a s t s .  T h i s  j u r i s d i c t i o n a l
d i s p u t e  h a s  r e s u l t e d  i n  t h e  s e i z u r e  of two U.S. t u n a  v e s s e l s  i n  
t h e  w e s t e r n  P a c i f i c  i n  r e c e n t  y e a r s .  Bo th  i n c i d e n t s  t r i g g e r e d  
r e t a l i a t o r y  embargoes by t h e  U.S., a s  mandated  by t h e  Magnuson
A c t r  on impor t s  of tuna  products  from t h e  s e i z i n g  na t ions .  

To r e s o l v e  t h e s e  p r o b l e m s ,  t h e  U.S. began  t o  n e g o t i a t e  a 
r e g i o n a l  l i c e n s i n g  a g r e e m e n t  w i t h  1 6  P a c i f i c  I s l a n d  S t a t e s  i n  
1984. After t h e  n e g o t i a t i o n s  began, t h e  r eg ion  took on i n c r e a s e d  
i m p o r t a n c e  and  u rgency  when t h e  S o v i e t  Union s u c c e s s f u l l y
n e g o t i a t e d  a f i sher ies  access agreement w i t h  t h e  i s l a n d  n a t i o n  of 
K i r i b a t i  and began  t o  m a k e  o v e r t u r e s  t o  o t h e r  c o u n t r i e s  i n  t h e  
region.  

On  A p r i l  2, 1987,  r e p r e s e n t a t i v e s  of  t h e  U.S. and  Pac i f i c  
I s l a n d  S t a t e s  s i g n e d  a 5 -yea r  r e g i o n a l  f i s h e r i e s  a g r e e m e n t  i n  
P o r t  Moresbyt Papuar New Guinea; C h a r l i e  F u l l e r t o n ,  d i rector  of 
t h e  N M F S  S o u t h w e s t  Region  i n  T e r m i n a l  I s l a n d ,  C a l i f o r n i a ,  was 
among t h o s e  a t t e n d i n g  t h e  s i g n i n g  ceremony. 

Under t h e  a g r e e m e n t  terms t h e  U.S. w i l l  pay t h e  P a c i f i c  
I s l a n d  s t a t e s  $60 m i l l i o n  o v e r  5 y e a r s  f o r  f i s h i n g  r i g h t s  and  
p r o v i d e  a d d i t i o n a l  economic  a s s i s t a n c e .  The  U.S. t u n a  f i s h i n g
i n d u s t r y  w i l l  c o n t r i b u t e  $ 1 0  m i l l i o n  i n  l i c e n s e  f e e s  a n d  
t e c h n i c a l  a s s i s t a n c e  o v e r  t h e  same p e r i o d .  T h e  U n i t e d  S t a t e s  
(NMFS) h a s  r e s p o n s i b i l i t y  f o r  e n f o r c i n g  t h e  p r o v i s i o n s  of t h e  

Y 
t r e a t y  and  l i c e n s e s  i s s u e d  unde r  it. The  a g r e e m e n t  w i l l  e n t e r  
i n t o  f o r c e  as  a t r e a t u  a f t e r  r a t i f i c a t i o n  by t h e  U.S. and 1 0  
P a c i f i c  I s l a n d  s ta tes .  

The  fo l lowing  s t a t emen t ,  p re sen t ing  t h e  U.S. p o s i t i o n  on t h e  
t r e a t y ,  i s  e x c e r p t e d  f rom a U.S. Depa r tmen t  of S t a t e  P r e s s  
Release : 

" W e  b e l i e v e  t h a t  t h e  a g r e e m e n t  i s  a v e r y  good one  f rom t h e  
p o i n t  of view of t h e  U.S. i n d u s t r y  and f i she rmen  involved i n  t h e  
region. The r eg iona l  n a t u r e  of t h e  agreement m a k e s  a g rea t  deal 
of o p e r a t i o n a l  and practical  sense from t h e  f i she rmen ' s  p o i n t  of 
view.  The U.S. t u n a  i n d u s t r y  w i l l  pay a t  l e a s t  $2  m i l l i o n  p e r"". 
y e a r  f o r  t h i s  access. I t  h a s  g u a r a n t e e d  t h e  p u r c h a s e  of 35 
r e g i o n a l  l i c e n s e s  a t  $50,000 each ($1.75 m i l l i o n )  i n  t h e  f i r s t  
yea r  of t h e  t r e a t y ,  p l u s  provide $250,000 i n  t e c h n i c a l  a s s i s t a n c e  
t o  t h e  FFA ( a c t i n g  a s  a g e n t  f o r  t h e  I s l a n d  S t a t e s ) .  U p  t o  5 
a d d i t i o n a l  l i c e n s e s  ( t o  a t o t a l  of  4 0 )  may be pu rchased  f o r  
$ 5 0 , 0 0 0  each; 1 0  f u r t h e r  l i c e n s e s  ( u p  t o  a t o t a l  of 5 0 )  may be 
p u r c h a s e d  f o r  $ 6 0 , 0 0 0  each. I n  f u t u r e  y e a r s  of t h e  a g r e e m e n t ,
l i c e n s e  f ees  w i l l  be i n d e x e d  t o  t h e  a v e r a g e  p r i c e  of y e l l o w f i n
and b i g e y e  tuna .  However, t h e  a n n u a l  c o s t  of a n  i n d i v i d u a l  
l i c e n s e  w i l l  no t  drop  below $50,000 pe r  v e s s e l .  I n  an a s s o c i a t e d  
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a g r e e m e n t ,  t h e  U.S. Government  ( U S G )  I t h r o u g h  A I D ,  w i l l  p r o v i d e  
$ 1 0  m i l l i o n  a n n u a l l y  f o r  5 y e a r s ,  i n  economic  s u p p o r t  t o  t h e  
I s l a n d  States. 

The U S G  a s s i s t a n c e # ca l l ed  f o r  by t h i s  a g r e e m e n t ,  r e s p o n d s  
t o  t h e  long-standing U.S. government commitment t o  assist i n  t h e  
economic  d e v e l o p m e n t  of these  d e m o c r a t i c ,  p r o - w e s t e r n  I s l a n d  
States. Par t ies  t o  t h e  t r e a t y  are: Austral ia ,  t h e  Cook I s l a n d s ,  
t h e  Federated States  of Micronesia,  F i j i, Kir iba t i ,  t h e  Marshal l  c 
I s l a n d s ,  N a u r u ,  N e w  Zea land ,  N i u e ,  P a l a u ,  Papua N e w  Guinea ,  t h e  
Solomon I s l a n d s ,  Tonga, Tuvalu, Vanuatu, Western Samoa, and t h e  
U.S. W e  e x p e c t  t h e  t r e a t y  w i l l  come i n t o  f o r c e  d u r i n g  t h e  s u m m e r  
o r  f a l l  of 1987." 

The agreement a l s o  provides  f o r  t h e  submission of logbooks
by U.S. f l a g  v e s s e l s  f i s h i n g  unde r  t h e  te rms  of t h e  ag reemen t .
The S o u t h w e s t  F i s h e r i e s  C e n t e r  i s  d e v e l o p i n g  p l a n s  t o  p r o c e s s
these l o g b o o k s  a f t e r  t h e y  a r e  c o l l e c t e d  by NMFS S o u t h w e s t  
Regional Office s t a f f .  The major l and ing  s i t e  w i l l  be Pago Pagot 
Amer ican  Samoa; o t h e r  o f f l o a d i n g  s i t e s  i n c l u d e  Aganar Guam and  
T i n i a n  I s l a n d  i n  t h e  Commonwealth of t h e  Mar i ana  I s l a n d s .  c 
Addi t iona l ly ,  b i o l o g i c a l  d a t a  w i l l  be c o l l e c t e d  from t h e  c a t c h  t o  
a i d  i n  resource assessment  s t u d i e s .  

c 
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NORTB PACIFIC ALBACORE 

Summary of the 1986 N o r t h  Pacific Albacore Fishery 

An e s t i m a t e d  11,338,940 pounds (5,143 m t )  of a l b a c o r e  were 
landed i n  p o r t s  throughout  C a l i f o r n i a ,  Oregon, and Washington i n  
1986,  a d e c r e a s e  o f  35% f r o m  t h e  17,484,820 pounds ( 7 , 9 3 1  m t )
landed i n  1985. N o  l and ings  were repor t ed  from Hawaii f o r  1986. 
Even though a l b a c o r e  f i s h i n g  was l ess  s u c c e s s f u l  i n  1986,
e x c e l l e n t  o f f s h o r e  c a t c h e s  were r e p o r t e d  e a r l y  i n  t h e  s e a s o n  
t h r o u g h o u t  May and  J u n e  i n  a reas  400-500 n a u t i c a l  mi les  (nm)
n o r t h e a s t  of Midway I s l and ,  and throughout  August i n  areas 500 nm 
d u e  west of Newport,  Oregon. C a t c h  p e r  u n i t  e f f o r t  (CPUE)  a s  
h i g h  a s  99.0 and 183.0 f i s h  p e r  s t a n d a r d  day r e s p e c t i v e l y  were 
r e p o r t e d  t a k e n  by j i g b o a t s  i n  t h e s e  two areas.  F i s h i n g  i n s h o r e  
i n  1986 s t a r t e d  l a t e  i n  June  w i t h  s i g n i f i c a n t  c a t c h e s  throughout
J u l y  o f f  sou the rn  C a l i f o r n i a .  

F a v o r a b l e  e n v i r o n m e n t a l  c o n d i t i o n s  l o c a t e d  b e t w e e n  a s u b -
a r c t i c  and  a w e a k  s u b - t r o p i c a l  f r o n t  o f f s h o r e  ( a l o n g  t h e  35"N 
p a r a l l e l )  from May t o  June  may have c o n t r i b u t e d  t o  t h e  success of 
t h e  j i g b o a t s  f i s h i n g  i n  areas n o r t h e a s t  of Midway Is land.  S t rong  
c o a s t a l  u p w e l l i n g  i n s h o r e  t h r o u g h o u t  Augus t  and  Sep tember  may
h a v e  h e l p e d  p r o v i d e  good f i s h i n g  i n  a r e a s  a l o n g  t h e  c o a s t  f r o m  
P o i n t  C o n c e p t i o n ,  C a l i f o r n i a  t o  Cape B lanco ,  Oregon. However, 
t h e  h i g h e s t  ca t ch  r a t e s  f o r  t h e  1986 s e a s o n  were t a k e n  500 nm 
west of Newport ,  and may have  r e s u l t e d  f r o m  a r a p i d  i n c r e a s e  i n  
sea s u r f a c e  t empera tu res  throughout  August i n  t h e s e  areas. 

A p p r o x i m a t e l y  59% of t h e  t o t a l  a l b a c o r e  ca t ch  was sampled
f o r  i n f o r m a t i o n  on e f f o r t  and  c a t c h ,  and 2% was sampled  f o r  
l e n g t h - f r e q u e n c y .  The a v e r a g e  s i z e  of a l b a c o r e  c a u g h t  i n  1986 
was 69.8 c m  (15.4 pounds)  which was s l i g h t l y  l a r g e r  t h a n  t h e  
a v e r a g e  s i z e  i n  1985 o f  69.1 c m  (15.0 pounds) .  F i s h i n g  e f f o r t  
(4,253 days) i n  1986 was s i g n i f i c a n t l y  lower t h a n  t h o s e  r epor t ed
(7,725 days) i n  1985. Es t imated  annual ca tch-per -uni t  e f f o r t  f o r  
a s t a n d a r d  45-foot v e s s e l  i n  1986 was 117.0 f i s h  p e r  day ,  which  
was much h i g h e r  t h a n  t h e  82.0 f i s h  p e r  day i n  1985. The 45% 
dec rease  i n  f i s h i n g  e f f o r t  may have c o n t r i b u t e d  t o  a much h ighe r
annual CPUE i n  1986. 

The in fo rma t ion  on t h e  1986 North P a c i f i c  a l b a c o r e  f i s h e r y  
was c o m p i l e d  by F i s h e r y  B i o l o g i s t  Anthony P. M a j o r s  of  t h e  L a  
J o l l a  Laboratory,  and F o r r e s t  R. Miller, Meteoro logis t  w i t h  t h e  
Inter-American Tropica l  Tuna Commission i n  Admin i s t r a t ive  Report
LJ-87-00, "Summary of t h e  1986 Nor th  P a c i f i c  a l b a c o r e  f i s h e r y
data." More than  375 cop ie s  of these r e p o r t s  w i l l  be d i s t r i b u t e d  
t o  p a r t i c i p a t i n g  f i s h e r m e n  i n  June, 1987. Another 4 0 0  r e p o r t s
w i l l  be s e n t  t o  s t a t e  f i s h e r i e s  a g e n c i e s t o  be d i s t r i b u t e d  a t  t h e  
w a t e r f r o n t  by samplers  dur ing  t h e  1987 a l b a c o r e  f i s h i n g  season. 
C o p i e s  can  be o b t a i n e d  upon r e q u e s t  t o  t h e  D i r e c t o r ,  S o u t h w e s t  
Fisher ies  Center. 

c 
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A t l a s  of t h e  United States North Pacific 
Albacore Fishery ,  1961-1980 

a An a t l a s  h a s  been  p r e p a r e d  by F i s h e r y  B i o l o g i s t  Anthony
M a j o r s  t i t l e d ,  “ U n i t e d  S t a t e s  Nor th  P a c i f i c  a l b a c o r e  f i s h e r y ,
1961-1980,’’ which p r e s e n t s  c h a r t s  and tab les  t h a t  summarize t h e  
f i s h i n g  e f f o r t ,  ca t ch ,  s i z e  composi t ion of f i s h  sampled and catch 
d i s t r i b u t i o n  of  t h e  a l b a c o r e  (Thunnus u  u n g a ) ,  c a u g h t  by t h e  
U.S. North P a c i f i c  albacore f i s h i n g  f l e e t  from 1961 t o  1980. 

T h i s  i n f o r m a t i o n  was o b t a i n e d  f rom l o g b o o k s  m a i n t a i n e d  by 
f i she rmen  and from i n t e r v i e w s  w i t h  f i shermen conducted by s t a t e  
b i o l o g i s t s  f rom C a l i f o r n i a ,  H a w a i i ,  Oregon, and Wash ing ton  a t  
l a n d i n g  s i t e s  d u r i n g  t h e  a l b a c o r e  f i s h i n g  season .  B i o l o g i s t s
a l s o  m e a s u r e d  a n d  c o l l e c t e d  l e n g t h - f r e q u e n c y  d a t a  on  t h e  
l and ings .  

During t h i s  20-year per iod ,  more t h a n  53% of t h e  t o t a l  c a t c h  
was l a n d e d  i n  d i f f e r e n t  p o r t s  t h r o u g h o u t  C a l i f o r n i a ,  3 4 %  i n  
O r e g o n ,  1 2 %  i n  W a s h i n g t o n ,  a n d  l e s s  t h a n  1%i n  H a w a i i .  
Approximately 79% of t h e  sampled v e s s e l s  f i s h i n g  f o r  albacore i n  
t h e  Nor th  P a c i f i c  u s e d  j i g s ,  1 2 % u s e d  b a i t ,  and  9 % u s e d  e i t h e r  a 
combinat ion of b a i t  and j i g s  or o t h e r  t y p e s  of gear. E f f o r t  and 
c a t c h  s a m p l i n g  c o v e r a g e  ( s a m p l e d  l a n d i n g s / t o t a l  l a n d i n g s )  f o r  
1961 t o  1980 averaged 28.6%; length-frequency sampling coverage
(measured f i s h / t o t a l  l and ings )  averaged 0.7%. Also, dur ing  t h i s  
same p e r i o d ,  a s e a s o n a l  a v e r a g e  of  833 v e s s e l  l a n d i n g s  was 
s a m p l e d  f o r  f i s h i n g  e f f o r t  and  c a t c h ,  e i t h e r  f r o m  l o g b o o k s  o r  
through pe r sona l  i n t e r v i e w s  w i t h  f ishermen.  

The a t l a s  i s  i n  p r e s s  as  a NOAA T e c h n i c a l  Memorandum, and 
w i l l  be  a v a i l a b l e  f rom t h e  N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  
Se rv ice ,  5285 Pt .  Royal Road, S p r i n g f i e l d ,  V i r g i n i a  22167. P 

Albacore Model Implemented; Encompasses
Large Set of Parameters 

An a l b a c o r e  model t h a t  s i m u l a t e s  r e c r u i t m e n t ,  g r o w t h ,  
movement, n a t u r a l  m o r t a l i t y ,  and  h a r v e s t  of a l b a c o r e  by t h r e e  
f i s h i n g  f l e e t s ,  t h e  J a p a n e s e  b a i t b o a t  f l e e t ,  t h e  J a p a n e s e
l o n g l i n e  f l e e t ,  and  t h e  U.S. j i g  f l e e t ,  h a s  been d e v e l o p e d  by
F i s h e r y  B i o l o g i s t  P i e r r e  Kleiber  a t  t h e  S o u t h w e s t  F i s h e r i e s  
Center  i n  L a  J o l l a .  The model begins  w i t h  s t a r t i n g  v a l u e s  of t h e  
p o p u l a t i o n  of f i s h  a t  l a r g e  and  t h e  d i s p o s i t i o n  of t h o s e  f i s h  
b o t h  g e o g r a p h i c a l l y  and by each f l e e t  a s  a f u n c t i o n  of t i m e  a n d  
g e o g r a p h i c  a r ea  on t h e  b a s i s  of a t i m e  s e r i e s  of e f f o r t  v a l u e s  by 
f l e e t  and  g e o g r a p h i c  a r e a  and  a l a r g e  s e t  of p a r a m e t e r s  of  
r ec ru i tmen t ,  growth, movement, n a t u r a l  m o r t a l i t y ,  and harves t .  

The p u r p o s e  of t h e  model i s  t o  p r o v i d e  a t o o l  f o r  e v a l u a t i n g
t h e  p o s s i b l e  e f f e c t s  of v a r i o u s  management a c t i o n s  on t h e  
f i s h e r y .  I t  h a s  not ,  however, s o  f a r  been used f o r  t h i s  purpose
s i n c e  r e s t r i c t i v e  management schemes have not  been proposed f o r  
t h e  North P a c i f i c  a l b a c o r e  f i sher ies .  

c 
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I n s t e a d ,  K l e i b e r  h a s  u s e d  t h e  m o d e l  t o  i n v e s t i g a t e
i n t e r a c t i o n  between f i s h i n g  f l e e t s ,  an  issue which i s  of i n t e re s t  
t o  f i s h e r m e n  and f i s h e r y  managers. The requirements of t h e  model 
are s imi la r  t o  t h o s e  of e v a l u a t i n g  management a c t i o n s .  A t y p i c a l  
y e a r  i n  t h e  l i f e  of the f i s h e r y  was p roduced  by s i m u l a t i o n  o v e r  
many y e a r s ,  w i t h  t h e  i n p u t  of c o n s t a n t  r e c r u i t m e n t  and a c o n s t a n t  
s e a s o n a l  p a t t e r n  of f i s h i n g  e f f o r t .  T h u s ,  t h e  r e s u l t s  were n o t  
dependent on precise s t a r t i n g  values .  The nominal catch of each 
of t h e  f l e e t s  i n  t h e  t y p i c a l  y e a r  was compared w i t h  c a t c h  when 
t h e  e f f o r t  i n  one  of t h e  f l e e t s  was e i t h e r  d o u b l e d  or  h a l v e d .  
The r e su l t s  are  s e n s i t i v e  t o  t h e  e x p l o i t a t i o n  rate, which i n  t h e  
model was a d j u s t e d  t o  be i n  l i n e  w i t h  r e s u l t s  of a l b a c o r e  t agg ing
c a r r i e d  o u t  f o r  many y e a r s  p a s t  i n  t h e  Nor th  P a c i f i c  by t h e  
American Fishermen's Research Foundation, i n  coope ra t ion  w i t h  t h e  
Michael Laurs  and s c i e n t i s t s  of t h e  Southwest F i s h e r i e s  Center. 

Kle iber ' s  m o d e l i n g  e f f o r t  h a s  a l s o  s e r v e d  as  a f o c u s  f o r  
planning a l b a c o r e  research by i d e n t i f y i n g  gaps i n  wha t  is  known 
about  albacore. I n  a d d i t i o n ,  p l a n s  a re  underway t o  use t h e  model 
as a basis f o r  developing two new methods of data a n a l y s i s ,  both 
t a k i n g  a d v a n t a g e  of t h e  b u i l t - i n  g e o g r a p h i c  s t r u c t u r e  and  
m i g r a t i o n  features of t h e  model. One would be a geograph ica l ly
h e t e r o g e n e o u s  fo rm of c o h o r t  a n a l y s i s  and  t h e  o t h e r  would be a 
q u a n t i t a t i v e  e v a l u a t i o n  of mig ra t ion  from tagging  data .  

Study on Relationship Between Albacore 
Distribution and Environment Underway 

A t  t h e  P a c i f i c  F i s h e r i e s  E n v i r o n m e n t a l  Group a t  Montereyr
C a l i f o r n i a ,  F i s h e r y  B i o l o g i s t  R i c h a r d  P a r r i s h  i s  l e a d i n g  a 
p r o j e c t  t o  s tudy  t h e  r e l a t i o n s h i p s  wh ich  may e x i s t  between t h e  
s p a t i a l  d i s t r i b u t i o n s  of a l b a c o r e  and environmental  phenomena i n  
t h e  North Pacific. 

To d e t e r m i n e  these  r e l a t i o n s h i p s  P a r r i s h  i s  s t a t i s t i c a l l y
compar ing  a number of e n v i r o n m e n t a l  d a t a  bases w h i c h  have  been 
d e v e l o p e d  f o r  d i f f e r e n t  r e g i o n s  of t h e  Nor th  P a c i f i c ,  and a 
v o l u m i n o u s  c o l l e c t i o n  of a g e - s p e c i f  i c  f i s h e r y  d a t a ,  f e a t u r i n g
h i g h  t e m p o r a l  and s p a t i a l  r e s o l u t i o n ,  f rom a s t u d y  r e c e n t l y
c o m p l e t e d  by E a r l  Weber of t h e  L a  J o l l a  L a b o r a t o r y .  T h e  o b j e c t
of t h i s  research i s  t o  d e t e r m i n e  how l a r g e  sca l e  e n v i r o n m e n t a l  
f l u c t u a t i o n s  a f fec t  t h e  appa ren t  abundance of a l b a c o r e  throughout
t h e  North Pac i f ic  w i t h  emphasis on understanding t h e  f l u c t u a t i o n s  
i n  t h e  abundance of a lbacore  experienced by f i she rmen  along t h e  
West Coast of North America. 

P a r r i s h  i s  a l s o  s u p e r v i s i n g  a n  e f f o r t  t o  document  t h e  
c u r r e n t  understanding of a lbacore  biology i n  t h e  North P a c i f i c .  
T h i s  documentation, which invo lves  s c i e n t i s t s  from throughout  t h e  
S o u t h w e s t  F i s h e r i e s  C e n t e r ,  w i l l  e m p h a s i z e  t h e  r e s u l t s  of 
a n a l y s e s  conducted i n  accordance w i t h  t h e  Center ' s  S t r a t eg ic  Plan  
f o r  North Pacif ic  Albacore ( P a r r i s h r  e t  a1.r 1985, NOAA-TM-NMFS-
SWFC-52). The document i s  s c h e d u l e d  f o r  complet ion i n  t h e  f a l l  
of  1 987. 
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Joint NMPS/Albacore Fishing Industry Tagging Program 

A c o o p e r a t i v e  Nor th  P a c i f i c  a l b a c o r e  t a g g i n g  program w a s  
i n i t i a t e d  i n  1 9 7 1  b e t w e e n  t h e  S o u t h w e s t  F i s h e r i e s  C e n t e r ' s  La 
J o l l a  Laboratory and t h e  American Fisherman's Research Foundation 
(AFRF) I a n  i n d u s t r y  o r g a n i z a t i o n  made up  of a l b a c o r e  f i s h e r m e n  
and  p r o c e s s o r s .  I n i t i a l l y ,  SWFC f i s h e r y  t e c h n i c i a n s  c o n d u c t e d  
most of t h e  tagging  o p e r a t i o n s  onboard a l b a c o r e  f i s h i n g  v e s s e l s  
t h a t  had been  cha r t e red  by AFRF f o r  research and s c o u t i n g
o p e r a t i o n s .  Howevert f o r  a b o u t  t h e  p a s t  1 2  y e a r s ,  v i r t u a l l y  a l l  
t h e  tagging  has  been done by t h e  f i shermen themselves.  Management
of t h e  c o o p e r a t i v e  program is  provided by t h e  L a  J o l l a  Laboratory
under t h e  d i r e c t i o n  of Oceanographer Michael Laurs .  

The  L a  J o l l a  L a b o r a t o r y  m a i n t a i n s  a compute r  d a t a  base of 
t h e  d a t a  recorded f o r  a l l  t h e  f i s h  t h a t  have  been r e l e a s e d  a n d  
f o r  t h o s e  r e c o v e r e d  d u r i n g  t h e  j o i n t  program. S c i e n t i s t s  a r e  
us ing  t h e  base f o r  research, data a n a l y s e s  and reports of tagging
r e s u l t s  w h i c h  a re  p r o v i d e d  a s  f eedback  t o  t h e  i n d u s t r y  and  f o r  
conduct ing t r a i n i n g  of f ishermen i n  tagging  methods. The tagging
e q u i p m e n t  is  p r o v i d e d  by t h e  SWFC, w h i c h  a l s o  d i s t r i b u t e s  a 
b a s e b a l l  cap  w i t h  an a l b a c o r e  tagging  logo  t o  a l l  t h e  f i shermen 
who conduct  t h e  t agg ing  and release o p e r a t i o n s  and t o  t h o s e  who 
r e p o r t  recover ing  tagged albacore.  AFRF pays t h e  major c o s t s  f o r  
o p e r a t i n g  t h e  program, inc lud ing  reimbursement t o  f i she rmen  f o r  
f i s h  t a g g e d  and  r e l eased  a n d  payment  of rewards i n  a s p e c i a l
l o t t e r y  f o r  tagged f i s h  t h a t  have been recovered. 

Approximately 24,000 a l b a c o r e  have been tagged and released 
and  a b o u t  1,400 t a g g e d  f i s h  have  been  r e c o v e r e d  i n  t h e  Nor th  
P a c i f i c .  The compute r  d a t a  base of re lease  and  r e c o v e r y  d a t a  
c o l l e c t e d  d u r i n g  t h e  j o i n t  p rogram was r e c e n t l y  augmented  t o  
i n c l u d e  a l l  h i s t o r i c a l  r e c o r d s  t h a t  a r e  a v a i l a b l e  f o r  Nor th  
Pacific a l b a c o r e  tagging  t h a t  were conducted by v a r i o u s  U.S. and 
Japanese  ag enc  ies. 

The c o o p e r a t i v e  t a g g i n g  p rogram was e x t e n d e d  t o  i n c l u d e  
S o u t h  P a c i f i c  a lbacore  i n  1 9 8 6  as  p a r t  of t h e  U. S. a l b a c o r e  
f i s h e r y  e x p l o r a t i o n  and research underway i n  t h e  South Pacific. 
Approximately 1,500 South Pacif ic  a l b a c o r e  have been tagged and 
released by f i shermen,  i n  a d d i t i o n  t o  about 1,000 t h a t  have been 
tagged and released by SWFC sc ien t i s t s  on t h e  N O M  s h i p  m~a-
and f i s h e r y  scient is ts  from N e w  Zealand and French Polynesia .  

The j o i n t  government/albacore i n d u s t r y  tagging  program has  
p r o v i d e d  s i g n i f i c a n t  new i n f o r m a t i o n  a b o u t  t h e  Nor th  P a c i f i c  
a l b a c o r e  r e s o u r c e .  For  example ,  t h e  t a g g i n g  d a t a  have  been u s e d  
t o  d e t e r m i n e  Nor th  P a c i f i c  a l b a c o r e  a g e  and g r o w t h  r a t e s ,  t o  
i n v e s t i g a t e  m i g r a t i o n  p a t t e r n s  and  s t o c k  s t r u c t u r e ,  t o  p r o v i d e
in fo rma t ion  needed t o  develop t h e  "a lbacore  model"r and t o  p l an
f i s h e r y  e x p l o r a t i o n  s t u d i e s  t h a t  have extended t h e  range and t i m e  
t h a t  t h e  U. S. a l b a c o r e  f i s h e r y  opera tes .  

A 

c 

c 
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Albacore Fishery Advisory Operations 

The L a  J o l l a  L a b o r a t o r y  c o n t i n u e d  t o  p r o v i d e  a l b a c o r e  
f i s h e r y  adv i so ry  i n f o r m a t i o n  du r ing  1986. The adv i so ry  o p e r a t i o n s  
are p a r t  of a q u i d  p r o  quo arrangement  whereby f i shermen r e c e i v e  
in fo rma t ion  i n  r e t u r n  f o r  v o l u n t a r i l y  provid ing  logbook records ,
making o c e a n o g r a p h i c  o b s e r v a t i o n s ,  p a r t i c i p a t i n g  i n  t h e  j o i n t
a l b a c o r e  t agg ing  program described above and related a c t i v i t i e s .  
The adv i so ry  in fo rma t ion  d i s t r i b u t e d  t h i s  p a s t  y e a r  inc luded  t h e  
seasona l  f o r c a s t  f o r  t h e  U. S. North Pacific f i s h e r y  prepared by
Michael L a u r s  and h i s  staf f ,  biweekly a l b a c o r e  f i s h e r y  b u l l e t i n s  
and d a i l y  a l b a c o r e  broadcas ts ,  prepared by F i she ry  B i o l o g i s t s  Ron 
Dotson  and  Bob N i s h i m o t o  and  i s s u e d  d u r i n g  t h e  s e a s o n .  T h i s  i s  
t h e  2 6 t h  y e a r  t h a t  t h e  L a  J o l l a  L a b o r a t o r y  h a s  i s s u e d  t h e  
a l b a c o r e  advisory.  

Forecasting Model for Albacore 

Fisher ies  s c i e n t i s t s  have long been i n t e r e s t e d  i n  being able 
t o  f o r e c a s t  when, where t  and  how many f i s h  w i l l  occur i n  a 
f i s h e r y .  The a b i l i t y  t o  f o r e c a s t  f o r  t h e  a l b a c o r e  f i s h e r y  i s  
e s p e c i a l l y  impor t an t  because t h e  c o s t  of s e a r c h  t i m e  t o  t h e  f l e e t  
i s  h i g h  and t h e r e  i s  a l o n g  h i s t o r y  of r e s e a r c h  on t h e  f a c t o r s  
i n f l u e n c i n g  a l b a c o r e  d i s t r i b u t i o n ,  much of it done  a t  t h e  
Southwest F i s h e r i e s  Center .  Roy Mendelssohn, Opera t ions  Research 
A n a l y s t  and  Oceanographer  David Husby of t h e  P a c i f i c  F i s h e r i e s  
E n v i r o n m e n t a l  Group (PFEG) have  been  w o r k i n g  on a f i n e - s c a l e  
q u a n t i t a t i v e  f o r e c a s t i n g  model of t h e  a l b a c o r e  f i s h e r y  o f f  t h e  
west coast of t h e  United States. 

Curren t ly ,  they are  ana lyz ing  t h e  n o r t h e a s t  P a c i f i c  a l b a c o r e  
logbook  c a t c h  d a t a  and  c o r r e s p o n d i n g  e n v i r o n m e n t a l  d a t a  ( w i n d ,  
sea s u r f a c e  t e m p e r a t u r e )  f o r  e v a l u a t i n g  t h e  f e a s i b l i t y  of 
developing an  environmental-dependent c a u s a t i v e  model of 2-week 
t e m p o r a l  r e s o l u t i o n  and  one -degree  l a t i t u d e / l o n g i t u d e  s p a t i a l  
r e s o l u t i o n .  I n  c o n s t r u c t i n g  t h e  model  t h e y  a r e  d e v e l o p i n g  new 
a n a l y t i c a l  methods ,  i n c l u d i n g  t h e  d e v e l o p m e n t  of e m p i r i c a l
me thods  f o r  i d e n t i f y i n g  t h e  fo rm of n o n l i n e a r  r e l a t i o n s h i p s .
They hope t o  improve  t h e  a b i l i t y  t o  i n t e r p r e t  c a t c h  d a t a  a s  
i n d i c a t o r s  of p o p u l a t i o n  abundance  and  t h e  a b i l i t y  t o  f o r e c a s t  
l o c a t i o n s  of h i g h  p r o b a b i l i t y  of f i s h i n g  success 2 w e e k s  i n  
advance. 

SOUTH PACIFIC ALBACORE 

Al though  a l b a c o r e  t u n a  a r e  a b u n d a n t  i n  t h e  S o u t h  P a c i f i c ,  
m o s t  of t h e  a n n u a l  c a t c h  of  3 5 , 0 0 0  t o n s  i s  h a r v e s t e d  i n  
s u b t r o p i c a l  w a t e r s  a t  d e p t h s  of 450-750 f e e t  by t u n a  l o n g l i n e
f l e e t s  from Taiwan,  South Korea, and Japan. Only a few thousand 
t o n s  a r e  c a u g h t  n e a r  t h e  s u r f a c e ,  m o s t l y  by s m a l l  N e w  Zea land  
t r o l l e r s  f i s h i n g  nea r  t h e i r  home i s l a n d s .  
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I n  J a n u a r y  of 1986,  two U.S. t r o l l e r s ,  p a r t i a l l y  s u p p o r t e d
by Sal tonstal l -Kennedy funds,  ventured i n t o  t h e  South P a c i f i c  f o r  
t h e  f i r s t  t i m e  and made e x c e l l e n t  ca tches  a t  t h e  s u r f a c e  i n  a n  
area a b o u t  1,200 s q u a r e  miles. I n  1987,  t h e  b o a t s  r e t u r n e d  t o  
t h e  same l o c a t i o n  and were j o i n e d  by 6 o t h e r  t r o l l e r s ,  a l l  of 
whom made phenomenal  c a t c h e s  of up  t o  1 0  t o n s  of a l b a c o r e  p e r
day. The development of t h e  South P a c i f i c  f i s h e r y  is a welcome 
u p t u r n  of f o r t u n e  f o r  t h e  U.S. a l b a c o r e  f l e e t  w h i c h  h a s  been  
p l a g u e d  w i t h  d w i n d l i n g  c a t c h  r a t e s  and  marke t  o p p o r t u n i t i e s  i n  
t h e  North P a c i f i c .  c 

The success of t h e s e  b o a t s  h a s  l e d  t o  a c o l l a b o r a t i v e  e f f o r t  
among t h e  SWFC i n  c o l l a b o r a t i o n  w i t h  t h e  U.S. a l b a c o r e  i n d u s t r y ,
t h e  N e w  Zealand Min i s t ry  of A g r i c u l t u r e  and F i s h e r i e s ,  t h e  French 
a g e n c y  O R S T O M ,  a n d  t h e  S o u t h  P a c i f i c  C o m m i s s i o n .  W i t h  
s c i e n t i s t s  f rom t h e  Hono lu lu  L a b o r a t o r y  t a k i n g  t h e  l e a d ,  t h e  c 

program i s  d i r e c t e d  a t  a r a n g e  of a r e a s  i n c l u d i n g  f i s h e r y  d a t a  
c o l l e c t i o n ,  s tock  assessment ,  biology, and f i s h e r y  development,
The o b j e c t i v e s  a r e  t o  e s t i m a t e  t h e  p o t e n t i a l  y i e l d  of a s u r f a c e  
f i s h e r y ,  t o  c o m p u t e  t h e  i m p a c t s  o f  a s u r f a c e  f i s h e r y  on 
t r a d i t i o n a l  l o n g l i n e  o p e r a t i o n s ,  t o  u n d e r s t a n d  a l b a c o r e  
p o p u l a t i o n  dynamics ,  and t o  model t h e  r e l a t i o n s h i p  be tween  
a l b a c o r e  d i s t r i b u t i o n  a n d  a v a i l a b i l i t y ,  and  s u c h  o c e a n o g r a p h i c  
features as  c u r r e n t s  and thermohal ine  s t ructure .  

Workshop on Research Planning 
c 

I n  J u n e  1986 ,  SWFC s c i e n t i s t s  a t t e n d e d  a Workshop on S o u t h  
P a c i f i c  Albacore Research (SPAR) hos ted  by t h e  F i s h e r i e s  Research 
Div i s ion  of t h e  N e w  Zealand Min i s t ry  of A g r i c u l t u r e  and F i s h e r i e s  
and sponsored by t h e  South P a c i f i c  Commission. The p a r t i c i p a n t s
a g r e e d  t o  exchange  d a t a  on a l b a c o r e  f i s h e r i e s  and  d e v e l o p  a 
c o o r d i n a t e d  r e s e a r c h  p l a n  t o  i m p r o v e  s t o c k  a s s e s s m e n t  
c a p a b i l i t i e s ,  They a l so  agreed  t o  c o l l a b o r a t e  i n  a j o i n t  program
of tagging  South P a c i f i c  a l b a c o r e  f o r  t h e  purpose of d e l i n e a t i n g  
movement p a t t e r n s  of t h e  a l b a c o r e  ( t h e  South P a c i f i c  Commission 
was t o  manage t h e  t a g  d a t a  b a s e )  and  t o  c o o r d i n a t e  r e s e a r c h  
cruises.  

Townsend Cromweu Survey 

One r e s u l t  of t h e  S P A R  was a c o o r d i n a t e d  j o i n t  s u r v e y  of 
a l b a c o r e  i n  a band of water c a l l e d  t h e  S u b t r o p i c a l  Convergence  
Zone (STCZ) ex tending  from C h i l e  t o  N e w  Zealand about 2 ,400  miles 
s o u t h  of t h e  E q u a t o r .  T h e  C o n v e r g e n c e  i s  a n  a r e a  w h e r e  
s u b t r o p i c a l  and s u b a n t a r c t i c  w a t e r s  b l e n d  toge ther .  F i s h e r m e n  
and b i o l o g i s t s  have  found  t h a t  t h i s  i s  w h e r e  many k i n d s  of open  
ocean f i s h e s  a r e  e s p e c i a l l y  abundant. 

The ORSTOM v e s s e l ,  Cor i o l i s ,  ope ra t ed  between 120"W and 135 
O W ,  t h e  NOAA Ship  Townsend Cromwell between 149"W and 165"Wr and 
t h e  N e w  Zealand r e s e a r c h  v e s s e l ,  KaharoaI between 170"W and t h e  
N e w  Zealand c o a s t a l  waters. T h e s e  j o i n t  surveys  were designed t o  

L 
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p r o v i d e  t h e  f i r s t  c o m p r e h e n s i v e  d e s c r i p t i o n  of near -sur face  
oceanography  i n  the STCZ t o g e t h e r  w i t h  a n  a s s e s s m e n t  of t h e  
d i s t r i b u t i o n  and a v a i l a b i l i t y  of albacore t o  surface t r o l l i n g .  

J e r r y  Wetheral l  of t h e  Hono lu lu  L a b o r a t o r y  was t h e  C h i e f  
S c i e n t i s t  on  t h e  CromJagJJt where  he was j o i n e d  by C h r i s t o f e r  
Boggs, V i c t o r  Honda and S h i g e r u  Yanot a l s o  of t h e  Hono lu lu  
L a b o r a t o r y r  Kenneth B l i s s  and  Michae l  L a u r s  of t h e  L a  J o l l a  
L a b o r a t o r y ,  Kevin B a i l e y  of N e w  Zea landr  Ned Howard of t h e  Cook 
I s l a n d s  and V i l i a m i  Langi of t h e  Kingdom of Tonga. P a r t i c i p a t i o n
of t h e  l a t t e r  two s c i e n t i s t s  was a r r a n g e d  and f i n a n c e d  by t h e  
South Pacif ic  Commission. 

Dur ing  t h e  Wmu&lJ. s u r v e y r  t r a n s e c t  p l a c e m e n t  and  t h e  
l o c a t i o n  of "a lbacore  water" i n  t h e  r eg ion  was ass is ted g r e a t l y
by t h e  sea surface t empera tu re  imagery rece ived  from NOAA polar-
o r b i t i n g  s a t e l l i t e s  equipped w i t h  in f ra red  sensors .  Images were 
rece ived  on t h e  C r o m u  i n  real-time and enhanced us ing  t h e  JCv-
16E Oceanographic Color Display w h i c h  was loaned  t o  t h e  Honolulu 
Laboratory by t h e  Japan  Radio Co. 

A t  o v e r  1 0 0  l o c a t i o n s  i n  t h i s  zone  t h e  r e s e a r c h  v e s s e l s  
l o w e r e d  s p e c i a l  i n s t r u m e n t s  t o  d e p t h s  of o v e r  3,000 f e e t  t o  
measure v e r t i c a l  and h o r i z o n t a l  changes i n  ocean t empera tu re  and 
s a l i n i t y .  T h i s  i n fo rma t ion  was c o l l e c t e d  f o r  use i n  d e s c r i b i n g
t h e  phys ica l  character is t ics  of t h e  convergence and p a r t i c u l a r l y
t h e  areas nea r  t h e  ocean surface cons idered  optimum f o r  a l b a c o r e  
t r o l l i n g .  I n  t hese  a reas  a l b a c o r e  c o n c e n t r a t e  t o  f eed  on s m a l l  
mackerel and o t h e r  an ima l s  s u c h  as squ id  and amphipods. 

The research s h i p s  and commercial b o a t s  a l s o  c a u g h t ,  tagged
and r e l e a s e d  a l i v e  a b o u t  8 0 0  a lbacore.  T h e  hope i s  t h a t  t h e s e  
f i s h  w i l l  be c a u g h t  a g a i n  by f i s h e r m e n  and t h e  t a g s  o r  b o t h  t a g
and f i s h  r e t u r n e d .  A reward w i l l  be o f f e r e d  f o r  r e t u r n  of t h e  
t a g g e d  f i s h .  R e c a p t u r e  i n f o r m a t i o n  w i l l  p r o v i d e  v a l u a b l e  
i n f o r m a t i o n  on t h e  m i g r a t i o n  h a b i t s  of S o u t h  P a c i f i c  a l b a c o r e  
about which v i r t u a l l y  nothing i s  known. 

I n  a d d i t i o n  t o  t h e  o c e a n o g r a p h i c  mapping and  a l b a c o r e  
tagging,  t h e  research v e s s e l s  c o l l e c t e d  b i o l o g i c a l  material f o r  
e s t i m a t i n g  t h e  a g e s  a n d  g r o w t h  r a t e  of a l b a c o r e  a n d  f o r  
de te rmining  t h e i r  geographica l  o r i g i n s ,  ma tu r i ty ,  f a t  l e v e l s ,  and 
food h a b i t s .  

The data  c o l l e c t e d  d u r i n g  t h e  surveys  and commercial f i s h i n g
o p e r a t i o n s  w i l l  be shared among researchers and f i s h i n g  i n t e r e s t s  
i n  t h e  p a r t i c i p a t i n g  c o u n t r i e s  a n d  u s e d  a s  a b a s i s  f o r  
u n d e r s t a n d i n g  t h e  d i s t r i b u t i o n ,  a v a i l a b i l i t y  and abundance  of 
t h i s  l i t t l e - k n o w n  resource  i n  t h e  South Pacific.  

Future Work 

Dur ing  t h i s  f i s c a l  y e a r r  a j o i n t  s t r a t e g i c  r e sea rch  p l a n
w i l l  be  comple t ed  f o r  S o u t h  P a c i f i c  a l b a c o r e  r e s e a r c h  by t h e  
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Honolulu Laboratory.  The p l an  w i l l  f ocus  on s p e c i f i c  programs t o  
achieve  t h e  o b j e c t i v e s  of bet ter  s tock  assessment  and e f f i c i e n t  
f i s h e r y  development. I n  t h e  coming y e a r s  s teps  w i l l  be t a k e n  t o  
improve  t h e  f i s h e r y  da ta  base,  e s t i m a t e  t h e  o v e r a l l  p o t e n t i a l
y i e l d  of t h e  resource and  assess  t h e  impacts  of a d e v e l o p i n g
surface f i s h e r y  on t h e  t r a d i t i o n a l  l o n g l i n e  o p e r a t i o n s  of Taiwan,
Korea,  J a p a n t  and  S o u t h  P a c i f i c  n a t i o n s .  C r i t i c a l  a s p e c t s  of  
b i o l o g i c a l  and o c e a n o g r a p h i c  research w i l l  be i d e n t i f i e d  and 
programs developed t o  address them. Emphasis w i l l  be p laced  on 
cont inued coope ra t ion  w i t h  t h e  U.S. i n d u s t r y  i n  tagging  a l b a c o r e  
and c o l l e c t i n g  in fo rma t ion  on a lbacore  biology and environment. 

South Pacific Fishery Exploration/Research Reports 

Michael L a u r s ,  i n  c o l l a b o r a t i o n  w i t h  J e r r y  Wetherall a t  t h e  
Honolu lu  L a b o r a t o r y  a n d  Ken B l i s s  a t  t h e  La J o l l a  L a b o r a t o r y
p r e p a r e d  two r e p o r t s  d e a l i n g  w i t h  t h e  S o u t h  P a c i f i c  a l b a c o r e  
f i s h e r y  e x p l o r a t i o n / r e s e a r c h  o p e r a t i o n s  conducted i n  1986. One of 
t h e  r e p o r t s  g i v e s  d e t a i l s  on  t h e  a l b a c o r e  catches a n d  research  
o p e r a t i o n s  c o n d u c t e d  by t h e  two  U. S. a l b a c o r e  t r o l l  f i s h i n g
v e s s e l s  t h a t  p a r t i c i p a t e d  i n  t h e  s tudy,  and t h e  o t h e r  documents 
t h e  f i s h e r y  and research f i n d i n g s  made by t h e  W V Cromwell. Both 
r e p o r t s  a re  a v a i l a b l e  from t h e  Southwest Fisher ies  Center  i n  L a  
J o l l a .  
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GOALS DEVELOPED FOR SWFC TUNA PROGRAM 

I n  e a r l y  1 9 8 G r  J o s e p h  W .  A n g e l o v i c ,  D e p u t y  A s s i s t a n t  
A d m i n i s t r a t o r  f o r  S c i e n c e  and  Technology made a d e c i s i o n  t o  
d i v i d e  r e s p o n s i b i l i t y  f o r  t una  and b i l l f i s h  research i n  NMFS. I n  
h i s  memo h e  directed t h a t  t h e  Sou theas t  F i s h e r i e s  Center  w i l l  be 
r e s p o n s i b l e  f o r  a l l  NMFS r e s e a r c h  t o  s u p p o r t  t h e  I n t e r n a t i o n a l  
Commission f o r  t h e  Conservat ion of A t l a n t i c  Tunas. The Southwest  
F i s h e r i e s  C e n t e r  w i l l  be r e s p o n s i b l e  f o r  a l l  N M F S  r e s e a r c h  f o r  
t h e  I n d i a n  Ocean, W e s t e r n  and C e n t r a l  P a c i f i c  and  any Federa l  
e f f o r t s  a s s o c i a t e d  w i t h  t h e  E a s t e r n  Trop ica l  P a c i f i c .  

Dur ing  t h e  p a s t  y e a r ,  i n  r e c o g n i t i o n  of t h e s e  changed
r e s p o n s i b i l i t i e s ,  Di rec tor  B a r r e t t  and  program manage r s  a t  t h e  
Southwest F i s h e r i e s  Center  m e t  t o  d i s c u s s  t h e  o v e r a l l  o b j e c t i v e s
of SWFC t u n a  research and t o  i d e n t i f y  i s s u e s  r e l a t e d  t o  t h e s e  
g o a l s  t h a t  required r e so lu t ion .  With t h e  adv ice  and concurrence 
of S W  Regional D i r e c t o r  C h a r l i e  F u l l e r t o n ,  t h e  managers agreed  on 
t h e  f o u r  f o l l o w i n g  g o a l s  f o r  a SWFC tuna  program. 

0 To e s t a b l i s h  and o p e r a t e  a t u n a  d a t a  c o l l e c t i o n  and  
i n t e l l i g e n c e  s y s t e m  t o  p r o v i d e  q u a n t i t a t i v e  d a t a  f o r  N M F S  
r e s e a r c h  and management and  assist  t h e  U.S. t u n a  i n d u s t r y  t o  be 
more c o m p e t i t i v e  i n t e r n a t i o n a l l y .  

The managers  n o t e d  t h e  i m p o r t a n c e  of c o o r d i n a t i n g
c o l l e c t i o n  of d a t a  and  m a i n t a i n i n g  a c e n t r a l  t u n a  d a t a  base s o  
t h a t  r e s e a r c h e r s  c a n  p e r f o r m  a n a l y s e s  r e q u i r e d  i n  a g e n c y
d e c i s i o n s .  

0 T o  p r o d u c e  i n f o r m a t i o n  on t h e  s t a t u s  of  s t o c k s  of t u n a  
f i s h e r i e s  and on Pac i f ic  and Indian  Ocean t u n a  and b i l l f i s h e s .  

For t h i s  g o a l ,  B a r r e t t  emphas ized  t h e  need f o r  t i m e l y  
a s s e s s m e n t s  of s t o c k  c o n d i t i o n  of i n t e r e s t  t o  t h e  U . S . ,
p a r t i c u l a r l y  w i t h  r e s p e c t  t o  r e c e n t  d e v e l o p m e n t s  i n  t h e  I n d i a n  
Ocean and wes te rn  Pacific. 

0 Acquire new in fo rma t ion  through r e sea rch  t o  improve t h e  
conse rva t ion  of t h e  r e source  o r  t h e  p rosecu t ion  of t h e  f i s h e r y .  

The  m a n a g e r s  a g r e e d  t h a t  r e s e a r c h  on a s s e s s m e n t  
methodology and  t e c h n i q u e s  s h o u l d  be a n  i n t e g r a l  p a r t  of t h e  
o t h e r  goals .  Better t o o l s  and ways t o  conduct an accurate s t o c k  
assessment  are  i n  s h o r t  supply. Barret t  s ta ted t h a t  t h i s  goa l  i s  
t o  d e v e l o p  b e t t e r  assessment methods  and  t e c h n i q u e s  t h r o u g h
research. 

0 Provide  t o  NMFS managers t h e  bes t  p o s s i b l e  d e s c r i p t i o n s
of feas ib le  a l t e r n a t i v e s  f o r  developing U.S. s t r a t e g y  f o r  f i s h i n g
and managing t h e  P a c i f i c  and I n d i a n  Ocean t u n a  f i s h e r i e s ,
t o g e t h e r  w i t h  t h e  best  q u a n t i t a t i v e  and q u a l i t a t i v e  estimates of 
t h e  b i o l o g i c a l ,  e n v i r o n m e n t a l ,  e c o n o m i c - s o c i a l  and p o l i t i c a l
impacts  of each a l t e r n a t i v e .  
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I n  r ega rd  t o  t h e  above goa l ,  B a r r e t t  noted t h e  need f o r  
a n  e x a m i n a t i o n  of U.S. p o l i c y  and  f o r m u l a t i o n  of l o n g - r a n g e
s t r a t e g i c  p l a n s  t h a t  c o u l d  g u i d e  t h e  d e v e l o p m e n t  of U.S. t u n a  
f i s h e r i e s  and p o s s i b l e  i n t e r n a t i o n a l  management i n  t h e  wes te rn  
P a c i f i c  and I n d i a n  Oceans. 

The s t e p s  t o  implement t h i s  program have been t a k e n  w i t h  t h e  
a s s i g n m e n t  of Gary Sakagawa as  Program C o o r d i n a t o r  and  t h e  
p r e p a r a t i o n  of o p e r a t i o n a l  p l a n s  f o r  each of t h e  goals .  

STATUS OF HAWAII SKIPJACK FISHERY ASSESSED 

The Hono lu lu  L a b o r a t o r y  o r g a n i z e d  a s e r i e s  of m e e t i n g s  i n  
1986 t o  e v a l u a t e  t h e  s t a t u s  of Hawaii ' s  a k u  ( s k i p j a c k  t u n a )
f i s h e r y  and s e e k  remedial measures t o  a h o s t  of p r o b l e m s  i n  t h e  
indus t ry .  The meet ings brought  t o g e t h e r  f i shermen,  scientists!  
s t a t e  and f e d e r a l  government f i s h e r y  o f f i c i a l s  and l e g i s l a t o r s .  

Aku Workshop Reviews Plight of Industry 

The f i r s t  meet ing was a workshop e n t i t l e d  "Forces of Change
i n  Hawaii 's  A k u  I n d u s t r y , "  h e l d  on A p r i l  30 and May 1, 1986 a t  
t h e  f o r m e r  H a w a i i a n  Tuna Packers c a n n e r y  i n  Honolulu.  I n  a 
s e r i e s  of p a p e r s ,  o r a l  p r e s e n t a t i o n s  and  open d i s c u s s i o n s  
p a r t i c i p a n t s  from i n d u s t r y ,  government, u n i v e r s i t i e s  and r e sea rch  
o r g a n i z a t i o n s  reviewed t h e  s t a t u s  of Hawaii's a k u  i n d u s t r y  on t h e  
b a s i s  o f  b i o l o g i c a l  a n d  e c o n o m i c  a n a l y s e s  a n d  p r a c t i c a l
exper ience .  

The a k u  i n d u s t r y  was once t h e  l e a d i n g  s u p p l i e r  of seafood i n  
Hawaii. A k u  se t  t h e  p r i c e  s t a n d a r d  f o r  t h e  f r e s h  f i s h  m a r k e t  and 
supp l i ed  about  20% of t h e  Hawaiian Tuna Packers pack. During t h e  
l a s t  decade t h e  a n n u a l  a k u  c a t c h  d ropped  t o  a b o u t  h a l f  of i t s  
long term average  of 4 ,000  metric tons.  The number of commercial 
pole-and-line b o a t s  dropped from 15 i n  1971 t o  9 i n  1986. Annual 
r e v e n u e  decreased by a b o u t  $2.7 m i l l i o n  b e t w e e n  1974 and 1 9 8 2 .  
I n  1984 t h e  HTP c a n n e r y ,  wh ich  h a d  a b s o r b e d  mos t  of t h e  a n n u a l  
h a r v e s t ,  c losed.  

A t  t h e  workshop,  m a r k e t i n g  p r o b l e m s ,  i n c r e a s e d  o p e r a t i n g  
c o s t s ,  r i s i n g  in su rance  costs, d e c l i n i n g  f i s h i n g  e f f i c i e n c y ,  and 
d e c l i n i n g  abundance  o r  a v a i l a b i l i t y  of l a r g e - s i z e d  a k u  were 
i d e n t i f i e d  e i ther  as  causes o r  a s  p o s s i b l e  c o n t r i b u t i n g  f a c t o r s  
t o  t h e  i n d u s t r y ' s  d e c l i n e .  Economic p r o j e c t i o n s  s u g g e s t  t h a t  
w i t h o u t  a n  expanded m a r k e t ,  t h e  a k u  f l e e t  w i l l  b e  r e d u c e d  t 0 4  o r  
5 of t h e  most e f f i c i e n t  v e s s e l s  wh ich  w i l l  supply annua l ly  about 
h a l f  of t h e  2 , 0 0 0  m t  l o c a l  m a r k e t  f o r  f r e s h  aku. The  r e s t  w i l l  
be imported. 
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Corrective Act ions  Ident i f ied 

F o l l o w i n g  t h e  a k u  f i s h e r y  workshop,  a s t r a t e g i c  p l a n n i n g
m e e t i n g  was o r g a n i z e d  by t h e  Honolu lu  L a b o r a t o r y  t o  a s s i s t  i n  
i d e n t i f y i n g  remedial measures f o r  r e j u v e n a t i n g  t h e  a k u  i ndus t ry .
The p lanning  s e s s i o n ,  us ing  a n  i n t e r a c t i v e  management technique ,  
was h e l d  on J u n e  27-28 a t  t h e  Honolu lu  L a b o r a t o r y  and co-
sponsored by t h e  S ta te  of Hawaii D iv i s ion  of Aquatic Resources, 
t h e  Tuna B o a t  Owner 's  Co-op, 1nc.r t h e  U n i t e d  F i s h i n g  Agency, 
Ltd., t h e  Un ive r s i ty  of Hawaii Sea Grant  Col lege Program and t h e  
Western Pacific Regional F i she ry  Management Council. P lanners  
i n c l u d e d  members of i n d u s t r y ,  academia, s t a t e  and gove rnmen t
agenc ie s  and t h e  H a w a i i  S t a t e  Leg i s l a tu re .  

The group i d e n t i f i e d  many a c t i v i t i e s  which could h e l p  r e v i v e  
t h e  a k u  i n d u s t r y ,  i n c l u d i n g  market s t u d i e s ,  new p r o c e d u r e s  f o r  
handl ing  and d i s t r i b u t i n g  t h e  catch and v a r i o u s  a c t i o n s  t o  cope
w i t h  supply f l u c t u a t i o n  i n  t h e  absence of t h e  cannery. The group
emphasized t h a t  t h e  i n d u s t r y  i t s e l f  m u s t  become more involved i n  
recovery e f f o r t s .  

A r e p o r t  of t h e  g r o u p l s  f i n d i n g s  and  r ecommenda t ions  was 
p r e p a r e d  by t h e  Honolu lu  L a b o r a t o r y r  d i s t r i b u t e d  t o  i n d u s t r y
members and p r e s e n t e d  t o  t h e  Hawaii F i s h e r i e s  C o o r d i n a t i n g
Counc i l .  T h i s  r e p o r t  i s  a v a i l a b l e  f r o m  NMFS as  A d m i n i s t r a t i v e  
R e p o r t  H-87-1. Background i n f o r m a t i o n  p r e s e n t e d  a t  t h e  a k u  
workshop i s  a v a i l a b l e  i n  A d m i n i s t r a t i v e  R e p o r t s  H-86-11Ct 1 2 C r  
13C and 14. A comprehensive proceedings of t h e  workshop h a s  been 
publ i shed  a s  NMFS Technical  Memorandum NOAA-TM-NMFS-SWFC-72. 

BILLFISH RESEARCH 

Pacific Coopera t ive  Marine Gamefish Tagging 

Under t h e  a u s p i c e s  of t h e  C o o p e r a t i v e  Mar ine  G a m e f i s h  
Tagging  Program, U.S. and  f o r e i g n  r e c r e a t i o n a l  f i s h e r m e n  h a v e  
t a g g e d  b i l l f i s h  t o  h e l p  f i s h e r y  s c i e n t i s t s  d e t e r m i n e  t h e  
m i g r a t i o n  p a t t e r n s  and  g e o g r a p h i c  l i m i t s  of t h e  p o p u l a t i o n s  of 
gamefish i n  t h e  Pac i f ic  Ocean. The  tagging  program, which began
i n  t h e  P a c i f i c  i n  1 9 6 3 ,  i s  c u r r e n t l y  s u p p o r t e d  by t h e  N a t i o n a l  
Marine F isher ies  S e r v i c e  i n  coope ra t ion  w i t h  t h e  I n t e r n a t i o n a l  
G a m e f  i s h  A s s o c i a t i o n  and  t h e  G a r d i n e r  Founda t ion .  Dur ing  t h e  
p a s t  s e v e r a l  y e a r s ,  a d d i t i o n a l  s u p p o r t  f o r  t h e  t a g g i n g  program
h a s  been c o n t r i b u t e d  by t h e  N a t i o n a l  C o a l i t i o n  f o r  M a r i n e  
C o n s e r v a t i o n .  James S q u i r e ,  F i s h e r y  B i o l o g i s t  a t  t h e  SWFC 
l a b o r a t o r y  i n  L a  J o l l a ,  C a l i f o r n i a ,  c o o r d i n a t e s  t h e  P a c i f i c  
program, as h e  has  since i t s  incept ion .  

Cooperat ive Marine G a m e f i s h  Tagging Programr 1986 

I n  1 9 8 6 t  a n g l e r s  t a g g e d  a n d  re leased a t o t a l  of 1 , 2 5 2  f i s h  
of a l l  s p e c i e s ,  a n  i n c r e a s e  of  4 1 3  f i s h  o v e r  1985.  T h i s  number 
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r e p r e s e n t s  t h e  number of t a g  c a r d s  r e t u r n e d  t o  t h e  S o u t h w e s t  
F i s h e r i e s  C e n t e r  f rom J a n u a r y  1 t h r o u g h  December 31 ,  1986. Of 
these ,  1,203 were b i l l f i s h ;  i n  1985 a t o t a l  of 653 b i l l f i s h  were 
t a g g e d  and  r e l e a s e d .  Tagging  of s t r i p e d  m a r l i n  i n  s o u t h e r n  
C a l i f o r n i a ,  a s  w e l l  a s  t o t a l  c a t c h ,  was down s u b s t a n t i a l l y ;  59 
b i l l f i s h  were tagged and released, compared w i t h  217 i n  1985. 

S q u i r e  n o t e d  t h a t  i n  1986 1 9  r e c o v e r i e s  were r e c o r d e d .  Of 
t h e s e  5 o r  2 6 %  d i d  n o t  have  a t a g  c a r d ,  which h e  c o n s i d e r e d  a 
poor record. A s u b s t a n t i a l  number of a n g l e r s ,  it seems, a r e  n o t  
r e t u r n i n g  t h e i r  t a g  c a r d s  a f t e r  t a g g i n g  t h e  f i s h .  The r a t e  of 
t a g  r e c o v e r y  f o r  b i l l f i s h  i s  low (1%t o  3 % )  and  e v e r y  t a g  
recovery coun t s  s u b s t a n t i a l l y  toward i n c r e a s i n g  t h e  understanding
of b i l l f i s h  m i g r a t i o n s  throughout  t h e  world's oceans. 

Of t h e  19  t a g s  r e c o v e r e d  and  r e t u r n e d  t o  t h e  S o u t h w e s t  
F i s h e r i e s  C e n t e r  i n  1986,  9 were s t r i p e d  m a r l i n ,  2 were b l u e  
m a r l i n ,  1 was a b l a c k  m a r l i n  and  one  was a s a i l f i s h .  S e v e r a l  
l o n g  d i s t a n c e  r e c o v e r i e s  were made. The m o s t  n o t a b l e  r e c o v e r y  
was a b lue  m a r l i n  tagged o f f  Chr is tmas  I s l a n d  on October 21, 1985 
and recovered o f f  N e w  South Wales, A u s t r a l i a .  This  f i s h  t r a v e l e d  
3,420 n a u t i c a l  mi l e s  ( s t r a i g h t  l i n e )  d i s t a n c e  i n  136 days.
Another l ong  d i s t a n c e  recovery was a b l u e  m a r l i n  tagged o f f  t h e  
Coronado I s l a n d s ,  Mexico (near San Diegot C a l i f o r n i a ) .  This  f i s h  
was r e c o v e r e d  340 d a y s  l a t e r  a f t e r  i t  had  t r a v e l e d  690 n a u t i c a l  
miles south. 

The t a g g i n g  h a s  shown i n t e r e s t i n g  m i g r a t i o n s  i n  s t r i p e d
m a r l i n  t a g g e d  i n  t h e  same g e n e r a l  area. For  example ,  a s t r i p e d
m a r l i n  was tagged o f f  sou the rn  C a l i f o r n i a  near San ta  Rosa I s l a n d  
on S e p t e m b e r  7 ,  1984. The f i s h  was r e c o v e r e d  by a J a p a n e s e
l o n g l i n e r  n o r t h  of t h e  H a w a i i a n  I s l a n d s ,  2 , 4 6 0  n a u t i c a l  mi les  
west and 636 days l a t e r .  I n  c o n t r a s t ,  a s t r i p e d  m a r l i n  w h i c h  had 
been tagged i n  t h e  same gene ra l  area o f f  sou the rn  C a l i f o r n i a  two 
d a y s  e a r l i e r  (on  S e p t e m b e r  5 ,  19841, was r e c o v e r e d  o f f  t h e  
s o u t h e r n  t i p  o f  B a j a ,  C a l i f o r n i a ,  M e x i c o  by a c o m m e r c i a l  
l o n g l i n e r ,  20 n a u t i c a l  miles sou th  and 807 days l a te r .  

Studies on Billfish Behavior and Interaction 

A c o n t i n u i n g  r e s e a r c h  s t u d y  b e t w e e n  t h e  s t a f f  of t h e  L a  
J o l l a  Laboratory and s c i e n t i s t s  from t h e  C a l i f o r n i a  Department of 
F i s h  and G a m e  was s u c c e s s f u l  i n  t r a c k i n g  two s t r i p e d  m a r l i n  and 
one sword f i sh  du r ing  t h e  p a s t  year.  These  s t u d i e s  a re  designed,
i n  p a r t ,  t o  g a i n  a d d i t i o n a l  i n f o r m a t i o n  on t h e  l o c a l  a v a i l a b i l i t y
of b i l l f i s h  i n  t h e  a rea  and  t o  d e t e r m i n e  t h e i r  v u l n e r a b i l i t y  t o  
v a r i o u s  t y p e s  of commercial  and r e c r e a t i o n a l  f i s h i n g  gears .  

According t o  F i she ry  B i o l o g i s t s  David H o l t s  and E a r l  Weber 
and CF&G B i o l o g i s t  Dennis Bedford who p a r t i c i p a t e d  i n  s i x ,  one-
w e e k  o b s e r v a t i o n  t r i p s  i n  t h e  Los Angeles B igh t  aboard a 60-foot 
s p o r t  f i s h i n g  v e s s e l  c h a r t e r e d  by t h e  S t a t e  f o r  t h e s e  s t u d i e s ,
s o n i c  tagging  and t r a c k i n g  of t h e s e  l a r g e  p e l a g i c  f i s h  i s  u s e f u l  
i n  i d e n t i f i c a t i o n  of t h e i r  h a b i t a t  p r e f e r e n c e  and w i l l  a l l ow more 
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d i r e c t  and  e f f i c i e n t  p l a c e m e n t  of f i s h i n g  g e a r .  Accurate  
knowledge of v e r t i c a l  and h o r i z o n t a l  swimming p a t t e r n s ,  t h e  
d i s t r i b u t i o n  of s w i m m i n g  s p e e d s  a n d  t e m p e r a t u r e  ( d e p t h )
p r e f e r e n c e s  a r e  also important i n  developing models on growth and 
energy budgets  f o r  t h e  l a r g e  b i l l f  i shes .  

The f i r s t  s t r i p e d  m a r l i n  was c a u g h t  and  t a g g e d  j u s t  a f t e r  
noon on S e p t e m b e r  27, 1986, 6 m i l e s  ea s t  of Avalonr S a n t a  
C a t a l i n a  I s land .  The v e r t i c a l  and h o r i z o n t a l  movements of t h i s  
f i s h  were t racked  o v e r  a 24-hour p e r i o d .  The a n i m a l  t r a v e l e d  
g e n e r a l l y  s o u t h  f o r  37 nm a t  a n  a v e r a g e  s p e e d  of  1.5 k n o t s ;  i t  
s p e n t  63% of t h e  t ime  a t  or above  1 2  rnr 36% of t h e  t i m e  b e t w e e n  
1 2  and 40  rnr w i t h  o n l y  f o u r  s h o r t  descen t s  be low 4 0  m. 

The s e c o n d  m a r l i n  was t a g g e d  n e a r  t h e  west  end  of San  
Clemente I s l and  and tracked f o r  on ly  3 hours  when t h e  s i g n a l  was 
l o s t  d u e  t o  a damaged hydrophone  wire.  T h i s  s e c o n d  m a r l i n  
t r a v e l e d  5.5 nm i n  a s o u t h e r l y  d i r e c t i o n  and s t a y e d  very near  t h e  
s u r f a c e  du r ing  t h e  t r a c k i n g  per iod.  

These  o b s e r v a t i o n s  match  c l o s e l y  t h e  r e s u l t s  of a n o t h e r  
t r a c k i n g  of a s t r i p e d  m a r l i n  c o n d u c t e d  i n  1 9 8 2  by H o l t s  a n d  
Weber. Th i s  f i s h  t r a v e l e d  n o r t h  f o r  4 hours,  remained r e l a t i v e l y
i n a c t i v e  i n  t h e  e v e n i n g  h o u r s  a n d  t h e n  p r o c e e d e d  west f o r  t h e  
n e x t  1 7  hours .  Whi l e  t r a v e l i n g  a n  a v e r a g e  of 1.5 k t s t  t h e  f i s h  
c o v e r e d  a t o t a l  d i s t a n c e  of 18 nm. N e a r l y  86% of t h e  t r a c k i n g
t i m e  was s p e n t  i n  t h e  t o p  1 0  m of t h e  water. I t  made o n l y  f i v e  
s h o r t ,  e a r l y  morn ing  d e s c e n t s  be low 3 0  m. These  v e r t i c a l  a n d  
h o r i z o n t a l  o b s e r v a t i o n s  of t h e  behavior  of s t r i p e d  m a r l i n  a r e  i n  
s h a r p  c o n t r a s t  t o  t h e  movements of t h e  swordfish.  

The sword f i sh  was tagged by a commercial harpoon f i sherman,  
midway between Avalon and Dana Poin t ,  Ca l i fo rn ia .  This  b r o a d b i l l  
t r a v e l e d  i n  a b road ,  clock-wise c i r c l e  t h a t  c o v e r e d  a b o u t  17 nm 
and  ended  8 nm n o r t h w e s t  of t h e  l o c a t i o n  where i t  was t agged .
T h i s  f i s h  s p e n t  e s s e n t i a l l y  a l l  of t h e  t i m e  be low 1 0  m and 
descended below 320 m on two d i f f e r e n t  occasions.  During each of 
t h e s e  d e s c e n t s ,  t h e  s w o r d f i s h  wen t  f rom 45 m t o  o v e r  3 2 0  m i n  
l e s s  t h a n  15 m i n u t e s .  T h i s  c o n s t i t u t e s  a c h a n g e  i n  a m b i e n t  
p r e s s u r e  from 80 p s i  t o  over 570 p s i ,  and t empera tu re  change from 
1 4  degrees  C t o  8 deg rees  C. t h e  f i r s t  deep d i v e  occurred  i n  t h e  
l a t e  a f t e r n o o n  and  l a s t e d  a b o u t  9 0  m i n u t e s .  The s e c o n d  d i v e  
s t a r t ed  a t  0845 hour s  t h e  f o l l o w i n g  morning and l a s t ed  j u s t  over 
3 hours. T h i s  p a r t i c u l a r  d i v e  occurred  a t  t h e  14-fathom spo t ,  a 
small  bank r e a c h i n g  t o  w i t h i n  57 f a t h o m s  of t h e  s u r f a c e .  Here 
t h e  forward  p r o g r e s s  of t h e  f i s h  decreased and it appeared t o  be 
f o r a g i n g  a t  o r  very c l o s e  t o  t h e  bottom. 

P r e l i m i n a r y  r e s u l t s  of t h i s  work i n d i c a t e  t h a t  t h e  d i e l  
b e h a v i o r s  of t h e  two s p e c i e s  of b i l l f i s h  d i f f e r  g r e a t l y .  T h e  
t r a c k s  s u g g e s t  t h a t  s w o r d f i s h  and s t r i p e d  m a r l i n  s p e n d  1 0 0 % of 
t h e  n i g h t  h o u r s  a t  d e p t h s  b e t w e e n  1 0  m and  5 0  m. t h e  s t r i p e d
m a r l i n  s p e n t  6 0  t o  9 0 %  of t h e i r  t i m e  b e t w e e n  1 0  and 3 0  m deep, 
b u t  d i d  n o t  go be low 6 0  m. V e r t i c a l  e x c u r s i o n s  were more 
numerous  a t  n i g h t  b u t  a l s o  o c c u r r e d  a t  i r r e g u l a r  i n t e r v a l s  
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th roughout  t h e  t r a c k i n g  period. The sword f i sh  s p e n t  c o n s i d e r a b l e  
t i m e  (1.5 and  3.5 hour s )  a t  d e p t h s  o v e r  1 0 0 0  fee t .  B o t h  d i v e s  
were marked by a b r u p t  d e s c e n t  (and a s c e n t s )  w h i c h  i s  remarkable 
cons ide r ing  t h e  tremendous p h y s i o l o g i c a l  stress on t h e  f i s h  from 
c h a n g e s  i n  water  tempera ture  a n d  p r e s s u r e .  The s w o r d f i s h  
a p p e a r e d  t o  be o r i e n t i n g  t o  t h e  s h a l l o w  bank w h e r e  i t s  s e c o n d  
d e e p  d i v e  o c c u r r e d .  M a r l i n  t e n d e d  t o  s w i m  f a s t e r  a n d  i n  a more 
con t inuous  d i r e c t i o n .  The e x t e n t  of t h e i r  v e r t i c a l  excurs ions ,
f o r  t h e  most  p a r t ,  were l i m i t e d  t o  t h e  d a r k  p e r i o d  b e t w e e n  
m i d n i g h t  a n d  f i r s t  l i g h t .  T h i s  was a l s o  t h e  p e r i o d  of l e a s t  
hor i z o n ta1 movement. 

S e v e r a l  e l e m e n t s  of t h e i r  b e h a v i o r  were s i m i l a r  t o  o t h e r  
p e l a g i c  species as  w e l l .  A s  w i t h  s e v e r a l  s p e c i e s  of t u n a ,  
b i l l f i s h  show no r e l u c t a n c e  t o  d e s c e n d  i n t o  t h e  c o l d e r  waters  
below t h e  t h e r m o c l i n e .  I n  two  s e p a r a t e  d i v e s ,  t h e  s w o r d f i s h  
tracked s p e n t  19% of i ts t i m e  i n  ve ry  c o l d  water. A t  n i g h t ,  tuna  
g e n e r a l l y  s h i f t  t h e i r  modal d e p t h  t o  t h e  l a y e r s  n e a r e r  t h e  
surface; these b i l l f i s h  showed no obvious s i g n  of t h i s  behavior.  
The v e r t i c a l  e x c u r s i o n s  of m a r l i n  t e n d e d  t o  be g rea t e r  b e t w e e n  
midnight  and s u n s e t  b u t  swordfish i n d i c a t e d  no i n c r e a s e d  a c t i v i t y
dur ing  t h i s  period. Mar l in  covered a greater h o r i z o n t a l  d i s t a n c e  
a n d  m a i n t a i n e d  a s t e a d y  d e p t h  o v e r  l o n g e r  p e r i o d s  t h a n  d i d  t h e  
s w o r d f i s h .  B i o l o g i s t s  h a v e  s u g g e s t e d  some t u n a  s p e c i e s  reduce 
t h e  f requency  of v e r t i c a l  e x c u r s i o n s  du r ing  p e r i o d s  of migra t ion .  

Dur ing  t h i s  s t u d y ,  t h r e e  f i s h  were t a g g e d  i n  3 0  b o a t  days .  
T h i s  c l e a r l y  i n d i c a t e s  t h e  d i f f i c u l t y  i n  c a t c h i n g  a n d  
s u c c e s s f u l l y  t agg ing  b i l l f i s h  i n  s o u t h e r n  C a l i f o r n i a  waters where 
t h e y  o n l y  o c c u r  s e a s o n a l l y  and  a r e  n e v e r  v e r y  abundan t .  P l a n s  
a r e  t o  c o n t i n u e  t h i s  c o o p e r a t i v e  p rogram t h r o u g h  n e x t  y e a r  i n  
o r d e r  t o  o b t a i n  a d d i t i o n a l  t r a c k s  of t h e  movements  of  b o t h  
s p e c i e s  of b i l l f i s h .  F i n a l  r e s u l t s  of t h i s  s t u d y  w i l l  b e  
released a t  t h e  end of t h e  1987 season. 

COOPERATIVE SONIC TRACKING STUDY OF BILLFISH 
NATIONAL MARINE FISHERIES SERVICE-

CALIFORNIA DEPARTMENT OF FISH & GAME 

Charts show d w n g  behawor of  billfish over 24 hours.
COOPERATIVE SONIC TRACKING STUDY OF BILLFISH 
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NATIONAL MARINE FISHERIES SERVICE 

CALIFORNIA DEPARTMENT OF FISH 6 GAME 

CHART SHOWS HORIZONTAL 
STRIPED MARLIN

MOVEMENTS OF BILLFISH i 1SEPTEMBER 22. 1 9 8 2
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TUNA/PORPOISE RESEARCH 

Trend in ETP Dolphin Abundance 

S i n c e  t h e  p a s s a g e  of t h e  Mar ine  Mammal P r o t e c t i o n  A c t  
(MMPA) i n  1972, t h e  United States  has  been committed t o  long-term
management a n d  research p rograms  t o  c o n s e r v e  and p r o t e c t  t h e s e  
animals .  I n  implementat ion of t h e  MMPA, t h e  Southwest  F isher ies  
C e n t e r  s t a f f  c o n d u c t s  a program of r e s e a r c h  wh ich  i s  d i rec ted  
toward u n d e r s t a n d i n g  t h e  abundance  and b i o l o g y  of d o l p h i n s
a s s o c i a t e d  w i t h  t h e  purse  s e i n e  f i s h e r y  f o r  t u n a s  i n  t h e  e a s t e r n  
P a c i f i c .  I n  1986,  research e f f o r t s  c o n t i n u e d  t o  c o n c e n t r a t e  on  
q u e s t i o n s  c o n c e r n i n g  c h a n g i n g  abundance  of t h e  d o l p h i n  s t o c k s ,  
s t o c k  s t ruc tu re ,  and d i s t r i b u t i o n ,  b i o l o g i c a l  p r o f i l e s  of t h e  
an ima l s  k i l l e d ,  and t h e  ra te  a t  w h i c h  these an ima l s  a r e  r ep laced
through new b i r t h s .  

I n  i t s  1984 r e a u t h o r i z a t i o n  of t h e  MMPA, Congress cal led f o r  
a n  expanded s t o c k  m o n i t o r i n g  program t o  m o n i t o r  t r e n d s  i n  t h e  
abundance  of s t o c k s  of d o l p h i n s  k i l l e d  i n c i d e n t a l  t o  f i s h i n g
o p e r a t i o n s  by t h e  U.S. pu r se  s e i n e  f i s h e r y  f o r  t r o p i c a l  t u n a s  i n  
t h e  e a s t e r n  t r o p i c a l  P a c i f i c  Ocean. I t  was t h e  i n t e n t  of 
Congres s  t h a t  t h i s  mandated  m o n i t o r i n g  p rogram l a s t  a t  l e a s t  5 
y e a r s ,  a f t e r  w h i c h  t h e  s t a t u s  of d o l p h i n  s t o c k s  i n  t h e  ETP w i l l  
be reviewed. 

First Cruises of a Five-Year Program to 
Monitor Dolphin Abundance Completed 

I n  i m p l e m e n t a t i o n  of t h i s  l e g i s l a t i o n ,  t h e  S o u t h w e s t  
F i s h e r i e s  C e n t e r  h a s  i n i t i a t e d  a m o n i t o r i n g  program t h a t  uses  
d a t a  c o l l e c t e d  by o b s e r v e r s  on t w o  v e r y  d i f f e r e n t  p l a t f o r m s - -
research v e s s e l s ,  and  U.S. t u n a  b o a t s .  S u r v e y s  u s i n g  research  
v e s s e l s  have been designed t o  detect an  annual change i n  r e l a t i v e
abundance of 5% pe r  y e a r  f o r  s p o t t e d  dolphins.  The exper imenta l
d e s i g n  i n v o l v e s  t w o  v e s s e l s  t r a n s e c t i n g  t h e  s t u d y  a rea  f o r  1 2 0  
d a y s  p e r  y e a r  f o r  a minimum of  5 y e a r s .  

The f i r s t  c ru i se s  of a 5 - y e a r  program t o  m o n i t o r  t h e  
abundance of do lphin  s t o c k s  i n  t h e  e a s t e r n  t r o p i c a l  Pac i f ic  have 
been completed,  and t h e  s c i e n t i f i c  obse rve r s  aboard t h e  two NOAA 
S h i p s ,  t h e  D a v u  S t a u  a n d  t h e  PIaWr r e t u r n e d  t o  San  
Diego i n  e a r l y  December, 1986 a f t e r  a l m o s t  5 months a t  sea. 
Opera t ions  research a n a l y s t  Rennie Hol t  was t h e  ch ie f  s c i e n t i s t  
f o r  t h e  surveys  and f i s h e r y  b i o l o g i s t  Wesley P a r k s  t h e  l o g i s t i c s
coord ina to r .  

The moni tor ing  program is t h e  r e s u l t  of an amendment t o  t h e  
Marine M a m m a l  P r o t e c t i o n  A c t ?  w h i c h  directed N M F S  t o  des ign  and 
c a r r y  o u t  t h e  program. T h e  p u r p o s e  i s  t o  d e t e r m i n e  i f  t h e  t u n a  
purse seine f i s h e r y  i n  t h e  eastern t r o p i c a l  P a c i f i c  h a s  a d v e r s e l y
a f f e c t e d  one  o r  more of t h e  d o l p h i n  s t o c k s  t h a t  a r e  a s s o c i a t e d  
w i t h  t h e  schoo l s  of t u n a  t h a t  a r e  f i s h e d .  

.-
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Twelve s c i e n t i f i c  obse rve r s  s p e n t  t h e i r  days sea rch ing  f o r  
s c h o o l s  of d o l p h i n s .  They r e c o r d e d  how many a n i m a l s  t h e y  saw, 
t h e  s p e c i e s  of t h e  a n i m a l s ,  and w h e r e  t h e  a n i m a l s  were s i g h t e d .
This  i n f o r m a t i o n  was subsequent ly  e d i t e d  and e n t e r e d  on t h e  data  
base. 

From p r e l i m i n a r y  s u m m a r i e s  of t h e  da t a ,  t h e  t w o  v e s s e l s  
t r a v e l e d  a p p r o x i m a t e l y  43 ,000 n a u t i c a l  m i l e s  (nm). The J o r d a n  
t r a v e r s e d  about  21,800 nm and t h e  BcArthur t r a v e l e d  about  21,300 
nm. W i t h i n  t h e  s t u d y  a r e a ,  a b o u t  1 5 t 0 0 0 1  l l t O O O ,  6 , 0 0 0 ,  and 
6 , 0 0 0  nm were c o v e r e d  i n  t h e  i n s i d e ,  middle ,  west and  s o u t h  
a r eas ,  r e s p e c t i v e l y .  Dur ing  t h e  s u r v e y s ,  1,142 m a r i n e  m a m m a l  
schools ,  c o n s i s t i n g  of 591235 an ima l s  were detected. Observers 
aboard t h e  Jordan saw 765 schoo l s  c o n s i s t i n g  of 31,136 animals ,
and 377 s c h o o l s  c o n s i s t i n g  of 28,099 an ima l s  were detected from 
t h e EI-. I t  was more d i f f i c u l t  t o  de t ec t  m a r i n e  m a m m a l s  
from t h e  Y c Ar t w I which experienced rougher weather ,  t han  from 
t h e  Jordm.  However, t h e  McArthur,  c o v e r e d  t h e  s o u t h  a n d  west 
areas, which probably have a lower dolphin  dens i ty .  

I n  con junc t ion  w i t h  t h e  dolphin  s i g h t i n g  surveys,  s c i e n t i s t s  
a l s o  c o n d u c t e d  r e s e a r c h  a i m e d  a t  b e t t e r  d e f i n i n g  t h e  
oceanographic " h a b i t a t "  occupied by ce t aceans  i n  t h e  ETPt and how 
changes i n  t h e  environment a f fec t  t h e  do lphin  assessments .  For 
e x a m p l e ,  t h e r e  a p p e a r  t o  b e  i m p o r t a n t  c h s n g e s  i n  d o l p h i n
d i s t r i b u t i o n  i n  t h e  ETP d u r i n g  a m a j o r  E l  Ninor s i m i l a r  t o  t h e  
one which occurred  i n  1982-83. 

The do lph in  h a b i t a t  r e s e a r c h  is being coord ina ted  by Steve 
R e i l l y ,  F i s h e r y  B i o l o g i s t .  The  h a b i t a t  d a t a  a l s o  c o n t r i b u t e  t o  
ma jo r  n a t i o n a l  and i n t e r n a t i o n a l  o c e a n o g r a p h i c  s t u d i e s :  t h e  
E a s t e r n  P a c i f i c  Ocean C l i m a t e  S t u d y  ( E P O C S )  and  t h e  T r o p i c a l
Ocean Global Atmosphere program (TOGA) . A l s o  c o l l a b o r a t i n g  w i t h  
Center s c i e n t i s t s  i n  t h e  environmental  research were s c i e n t i s t s  
f r o m  N O A A - E R L ' s  A t l a n t i c  O c e a n o g r a p h i c  a n d  M e t e o r o l o g i a l
L a b o r a t o r y  (AOML) I t h e  D u k e  U n i v e r s i t y  Mar ine  L a b o r a t o r y ,  U.C. 
S a n t a  C r u z ,  S c r i p p s  I n s t i t u t i o n  o f  O c e a n o g r a p h y ,  a n d  t h e  
S m ith son ian  Trop ica l  Research I n stit u t i o n .  

W h i l e  t h e  s h i p s  were u n d e r w a y ,  d a t a  were r e c o r d e d  
cont inuous ly  on surface tempera ture ,  s a l i n i t y ,  and f luo rescence  
( a s  a n  i n d e x  of  p h y t o p l a n k t o n ) .  Expendab le  b a t h y t h e r m o g r a p h s  
(XBTs) were deployed s i x  times a day on t h e  average. A t  dawn and 
d u s k ,  t h e  s h i p s  s t o p p e d  f o r  a b o u t  a n  h o u r  t o  c o n d u c t  
o c e a n o g r a p h i c  s t a t i o n s  a t  w h i c h  v e r t i c a l  c o n d u c t i v i t y -
t e m p e r a t u r e - d e p t h  m e a s u r e m e n t s  were made by l o w e r i n g  a CTD 
i n s t r u m e n t  t o  1 , 0 0 0  m. Sample b o t t l e s  a t t a c h e d  t o  t h e  CTD 
c o l l e c t e d  sea water a t  v a r i o u s  d e p t h s  t o  v e r i f y  t h e  i n s t r u m e n t  
d a t a ,  a n d  t o  o b t a i n  v e r t i c a l  p r o f i l e s  of  n u t r i e n t s  a n d  
f l u o r e s c e n c e .  I n  a l l  345  CTD s t a t i o n s  were c o n d u c t e d  a n d  1 , 1 4 5  
XBTs were deployed. 
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Study Underway t o  A s s e s s  U t i l i t y  of Tuna-Vessel 
Observer Data far Determining Long-Term 
Trends i n  Dolphin Abundance 

I n  answer t o  such q u e s t i o n s  as, "How do tuna  v e s s e l s  s e a r c h  
f o r  d o l p h i n ,  how do t h e y  f i n d  them, and  how do t h e  d a t a  t h a t  
obse rve r s  c o l l e c t  on t h e s e  b o a t s  r e l a t e  t o  t h e  t r u e  d i s t r i b u t i o n  
and abundance of dolphin?", E l i zabe th  Vet ter t  Opera t ions  Analys t  
a t  t h e  S o u t h w e s t  F i s h e r i e s  C e n t e r  i n  L a  J o l l a t  h a s  b e g u n
d e v e l o p i n g  t w o  m o d e l s :  a s p a t i a l l y  d i s t r i b u t e d ,  d y n a m i c
s i m u l a t i o n  model of t h e  t u n a - d o l p h i n  s y s t e m  i n  t h e  e a s t e r n  
t r o p i c a l  P a c i f i c  ( a n  e n v i r o n m e n t a l  model ) ,  and  a t u n a - f i s h i n g
s y s t e m  model ,  which  w i l l  be s u p e r i m p o s e d  on t h e  e n v i r o n m e n t a l  
m o d e l .  T h e  a n s w e r s  t o  t h e s e  q u e s t i o n s  a r e  i m p o r t a n t  i n  
d e t e r m i n i n g  t h e  t r e n d s  i n  abundance  of d o l p h i n  p o p u l a t i o n
involved i n  t h e  tuna  purse-se ine  f i s h e r y  i n  t h e  eastern t r o p i c a l
P a c i f i c ,  

To de termine  t r e n d s  i n  abundance, b i o l o g i s t s  working i n  t h e  
d o l p h i n  m o n i t o r i n g  program u s e  t h r e e  k i n d s  of da ta :  abundance  
i n d i c e s  c o l l e c t e d  d u r i n g  r e s e a r c h  s u r v e y s ,  abundance  i n d i c e s  
c o l l e c t e d  by o b s e r v e r s  on U.S. t u n a  v e s s e l s ,  and  e s t ima tes  of  
p o p u l a t i o n  p a r a m e t e r s  s u c h  as  b i r t h  r a t e s ,  s e x  r a t i o ,  and a g e  
s t ruc ture .  

T h e  research s u r v e y s  a r e  a n  e x p e n s i v e  method f o r  i n d e x i n g
abundance. A popular  sugges t ion  t o  reduce c o s t s  has  been t o  a s k  
t u n a - v e s s e l  o b s e r v e r s  t o  c o l l e c t  t h e  same s o r t  of i n f o r m a t i o n  
p r e v i o u s l y  c o l l e c t e d  by t h e  r e s e a r c h  v e s s e l s ,  C e r t a i n l y  t h e  
p o t e n t i a l  f o r  u s i n g  d a t a  c o l l e c t e d  f rom these  v e s s e l s  t o  i n d e x  
popu la t ion  t r e n d s  appea r s  g r e a t  because t u n a  v e s s e l s  f a r  exceed 
r e s e a r c h  v e s s e l s  b o t h  i n  number and a rea  c o v e r e d  d u r i n g  a t r i p .
The problem w i t h  us ing  data  from tuna  v e s s e l s ,  however, i s  t h a t  
e x i s t i n g  methods and theo ry  f o r  d e r i v i n g  estimates of abundance 
o r  t r e n d s  i n  abundance  depends  s t r o n g l y  on t h e  a s s u m p t i o n  t h a t  
t h e  d a t a  were c o l l e c t e d  i n  a random manner. T h i s  l e d  t o  t h e  
q u e s t i o n s  on how t u n a  v e s s e l s  s e a r c h  f o r  d o l p h i n ,  how t h e y  f i n d  
them, and  how t h e  d a t a  t h a t  o b s e r v e r s  on t h e s e  b o a t s  c o l l e c t  
r e l a t e  t o  t h e  t rue  d i s t r i b u t i o n  and abundance of dolphin.  

The d i r e c t  a p p r o a c h  t o  a n s w e r i n g  t h e s e  q u e s t i o n s  i s  t o  r u n  
research  s u r v e y s ,  wh ich  would be d e s i g n e d  t o  search  randomly ,
c o n c u r r e n t l y ,  i n  b o t h  s p a c e  and t i m e ,  w i t h  normal  f i s h i n g
o p e r a t i o n s  by t h e  t u n a  f l e e t .  Even i n  sma l l  l a k e s ,  s u c h  a n  
endeavor would be ex t remely  complex and expensive;  i n  a system as 
l a r g e  a s  t h e  e a s t e r n  t r o p i c a l  Pacific Ocean, it may ve ry  w e l l  be 
impossib l e. 

An a l t e r n a t i v e  i s  p r o v i d e d  by t h e  m e t h o d  of s y s t e m
s i m u l a t i o n  and a n a l y s i s .  T h i s  i nvo lves  developing mathematical 
models t h a t  s i m u l a t e  t h e  dynamics  of t h e  r e l e v a n t  s t a t e  v a r i a b l e s  
( i n  t h i s  case, dolphins ,  tuna,  obse rve r s ,  and f i shermen)  and t h e  
p r o c e s s e s  t h a t  c o n t r o l  t hese  d y n a m i c s  ( s u c h  a s  o c e a n o g r a p h i c
c o n d i t i o n s  and  t h e  p r i c e  of t u n a ) ,  t h e n  " c o l l e c t i n g "  d a t a  f r o m  
t h e  s i m u l a t e d  system j u s t  a s  one would from t h e  r e a l  system. I n  
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t h i s  case, s imula t ed  o b s e r v e r s  would be "sent"  aboard some s u b s e t  
of t h e  v e s s e l s  i n  t h e  s i m u l a t e d  t u n a  f l e e t ;  d u r i n g  t h e i r  c ru i se  
t h e y  would "co l lec t"  t h e  same t y p e  of d a t a  a s  r e a l  o b s e r v e r s .  
The data  c o l l e c t e d  from t h e  s i m u l a t e d  f i s h e r y  a re  t h e n  analyzed
by whatever  methods have been proposed f o r  t h e  data  from t h e  real  
f i s h e r y ,  and estimates made of do lphin  abundance, or t rends .  

U n l i k e  t h e  case f o r  t h e  r e a l  f i s h e r y  ( w i t h o u t  c o n c u r r e n t  
r e s e a r c h  c r u i s e s ) ,  i n  t h e  s i m u l a t e d  s y s t e m  b o t h  b i a s  a n d  

cp r e c i s i o n  can be tested. One n o t  on ly  h a s  t h e  estimates de r ived  
from t h e  ( i m p e r f e c t  b u t  real is t ic)  sampling of t h e  s i m u l a t e d  tuna  
f l e e t ,  b u t  a lso (because one h a s  t h e  under ly ing  sys tems models) I 

t h e  " t r u e "  abundance  and  d i s t r i b u t i o n  of  d o l p h i n s .  A p r i m a r y
a d v a n t a g e  of t h e  a p p r o a c h  i s  t h a t  i t  becomes p o s s i b l e  t o  t e s t  
r e l a t i v e l y  e f f i c i e n t l y  many more a l t e r n a t i v e  methods under many 

cd i f f e r e n t  hypotheses  a b o u t  f l e e t  conf  i g u r a t i o n ,  o c e a n o g r a p h i c
c o n d i t i o n s ,  d o l p h i n  and  t u n a  d i s t r i b u t i o n  and  abundance ,  and 
economic  c o n s t r a i n t s .  B a s i c a l l y ,  i t  o f f e r s  a c o s t - e f f e c t i v e  
procedure f o r  e l i m i n a t i n g  i n a p p r o p r i a t e  ana lyses .  Methods t h a t  
do n o t  w o r k  f o r  t h e  (by  n e c e s s i t y  l e s s  complex t h a n  t h e  r e a l  
t h ing )  s i m u l a t i o n  models have l i t t l e  hope of be ing  e f f e c t i v e  i n  
t h e  real  world. 

TundDolphin Observer D a t a  Xaintained 

Data p e r t a i n i n g  t o  do lph ins  associated w i t h  t h e  tuna  pu r se
s e i n e  f i s h e r y  have been  c o l l e c t e d  by o b s e r v e r s  f o r  t h e  p a s t  t w o  
decades. The S t a f f  a t  t h e  L a  J o l l a  Laboratory is r e s p o n s i b l e  f o r  
t h e  maintenance of t h e s e  data  bases. 

R e c e n t l y 1  a t h c r o u g h  c r o s s - r e f e r e n c i n g  e d i t  of f o u r  m a j o r  
d a t a  bases  f o r  1 9 7 8  t h r o u g h  1 9 8 4  was c o m p l e t e d  by B i o l o g i c a l
Technician Randy Rasmussen. Also completed was t h e  s t a n d a r d i z e d  
r e f o r m a t t i n g  of  a l l  m a r i n e  m a m m a l  e f f o r t  and  s i g h t i n g s  f o r  t h e  
p e r i o d ,  1971-1986. Ano the r  l a r g e  t a s k  wh ich  h a s  now been  
c o m p l e t e d  i s  t h e  m i c r o f i l m i n g  of t h e  O b s e r v e r s '  o r i g i n a l  da t a  
c o l l e c t i o n  forms. All f o r m s ,  e x c e p t  l i f e  h i s t o r y  i n f  o r m a t i o n ,  
a r e  now on mic ro f i lm ,  1971 t o  1975 and 1978 t o  19848 inc lus ive .  

1986 Dolphin Quota Monitored 

Under t h e  d i r e c t i o n  of t h e  N M F S  S o u t h w e s t  Region,  4 0  
t u n a / p o r p o i s e  o b s e r v e r  c r u i s e s  were f i e l d e d  a b o a r d  U.S. f l a g
commercial tuna  pu r se  s e i n e  v e s s e l s  i n  1986 f o r  t h e  ETP f i s h e r y .
Twenty of t h e s e  o b s e r v e d  c r u i s e s  were s u p e r v i s e d  by t h e  I n t e r -
American T r o p i c a l  Tuna Commission ( IATTC)  and 20 by t h e  Nat iona l  
Marine F isher ies  Se rv ice ,  Southwest Region. These cruises were 
used t o  monitor  t h e  numbers of do lph ins  k i l l e d  by t h e  U.S. f leet .  
I n  1 9 8 6 ,  t h e  d o l p h i n  m o r t a l i t y  q u o t a  w a s  r e a c h e d  w i t h  a n  
es t imated  m o r t a l i t y  of 20,692 a n i m a l s ,  and  f u r t h e r  f i s h i n g  f o r  
tuna  a s s o c i a t e d  w i t h  do lph ins  was p r o h i b i t e d  e f f e c t i v e  October 
21 ,  1986. The c l o s u r e  cont inued  throughout  t h e  remainder of t h e  
ca l enda r  y e a r  1986. 
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Tuna s e i n e r  o p e r a t o r ' s  workshops were he ld  for  1 4  tuna  b o a t  
c a p t a i n s  i n  1 9 8 6 .  A t o t a l  of  8 1  o p e r a t o r  a n d  34 v e s s e l  
Cert i f icates  of I n c l u s i o n  were i ssued .  N e t  and gea r  i n s p e c t i o n s  
t o  e n s u r e  t h e  p r e s e n c e  of r e q u i r e d  d o l p h i n  s a f e t y  gear were 
c o m p l e t e d  f o r  1 2  v e s s e l s  t h a t  were a v a i l a b l e  i n  p o r t .
Addi t iona l ,  18 p r e l i m i n a r y  i n s p e c t i o n s  conducted by o b s e r v e r s  a t  
sea were returned.  

Chapter on Seabird Re la t ionsh ips  t o  
Tropical Tuna and Dolphins Prepared 

Fishe ry  B i o l o g i s t  David Au and B i o l o g i s t  Robert  Pitman of 
t h e  L a  J o l l a  Laboratory have w r i t t e n  a chap te r  e n t i t l e d ,  "Seabird 
r e l a t i o n s h i p s  t o  t r o p i c a l  tuna  and dolphins ,"  f o r  i n c l u s i o n  i n  a 
b o o k  c a l l e d  " S e a b i r d s  a n d  o t h e r  m a r i n e  v e r t e b r a t e s :  
Commensalism, compet i t ion ,  and predation." The book which w i l l  
be publ i shed  by t h e  Columbia Un ive r s i ty  Press describes seabird 
i n t e r a c t i o n s  w i t h  f i s h  and m a r i n e  m a m m a l s  and  f i s h e r m e n  i n  
v a r i o u s  seas of t h e  world and from an  evo lu t iona ry  pe r spec t ive .  

A u  a n d  P i t m a n  s u m m a r i z e  t h e i r  o b s e r v a t i o n s  o f  t h e  
i n t e r a c t i o n s  between seabirds and y e l l o w f i n  and s k i p j a c k  t u n a s  
a n d w i t h 1 7  s p e c i e s o r  s p e c i e s  g r o u p s o f  c e t a c e a n s i n  t h e  e a s t e r n  
t ropical  Pacific.  They describe two d i s t i n c t  f a u n a l  communities: 
i n  one  community b i r d  f l o c k s  co-occur  w i t h  y e l l o w f i n  t u n a  and 
d o l p h i n s ,  and  i n  t h e  o t h e r ,  f l o c k s  co -occur  w i t h  s k i p j a c k  o r  
o t h e r  sma l l  t u n a ,  b u t  n o t  w i t h  d o l p h i n s .  They descr ibe  t h e  
species  makeup of t h e  f l o c k s  w i t h  d o l p h i n s  ( a b o u t  75% were 
s p o t t e d  and  s p i n n e r )  and  t h e y  show t h a t  t h i s  s e a b i r d - d o l p h i n
a s s o c i a t i o n  i s  l i n k e d  t h r o u g h  t h e  y e l l o w f i n  t u n a  and  a f e e d i n g
aggregat ion.  Au and Pitman p r e s e n t  a hypo thes i s  t h a t  e x p l a i n s
t h e  b i r d - t u n a - d o l p h i n  a s s o c i a t i o n  a s  a n  i n t e r a c t i o n  of f e e d i n g
tac t ics  required t o  e x p l o i t  c e r t a i n  c o n f i g u r a t i o n s  of prey. 

Changes i n  Sex R a t i o  of Spotted Dolphins
Correlated with Changes i n  Fishing Effort 

A t  t h e  S o u t h w e s t  F i s h e r i e s  C e n t e r  i n  L a  J o l l a r  F i s h e r y
B i o l o g i s t s  A le t a  Hohn and  S u s a n  C h i v e r s  have  examined  t h e  s e x  
r a t i o  (number of females  p e r  male) a c r o s s  d i f f e r e n t  age and  
r ep roduc t ive  classes. The sample i n c l u d e s  1,551 fetuses,  1,826 
c a l v e s  ( a n i m a l s  sma l l e r  t h a n  130 c m  or a p p r o x i m a t e l y  1 y e a r  of  
age and younger) ,  2,257 j u v e n i l e s  ( an ima l s  g r e a t e r  t h a n  o r  equal 
t o  1 3 0  c m  b u t  l e s s  t h a n  o r  equal  t o  1 6 0  c m r  t h e  l e n g t h  a t  w h i c h  
d i f f e r e n t i a l  growth of males and females begins) I 2 ,281  i m m a t u r e s  
(an imals  g r e a t e r  t han  1 6 0  c m  and n o t  s e x u a l l y  mature), and 5,396
a d u l t s  ( an ima l s  greater t h a n  1 6 0  c m  and s e x u a l l y  mature).  All of 
t h e  samples  were c o l l e c t e d  by o b s e r v e r s  a b o a r d  t u n a  v e s s e l s .  
Hohn and  C h i v e r s  f o u n d  t h a t  c h a n g e s  i n  t h e  s e x  r a t i o  of s p o t t e d
d o l p h i n s  f r o m  t h e  e a s t e r n  t r o p i c a l  P a c i f i c  were s i g n i f i c a n t l y
c o r r e l a t e d  w i t h  changes i n  f i s h i n g  e f f o r t .  
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Hohn and C h i v e r s  t e s t e d  t h e  e f f e c t  of f i s h i n g  e f f o r t  by
examining d i f f e r e n c e s  i n  s e x  r a t i o  between areas of high, medium, 
a n d  l o w  f i s h i n g  e f f o r t .  T h e i r  r e s u l t s  show s i g n i f i c a n t
d i f f e r e n c e s  i n  s e x  r a t i o  f o r  a l l  age classes, except  fetuses,  a t  
a l l  t h r e e  l e v e l s  of e f f o r t .  

V a r i a b i l i t y  i n  s e x  r a t i o s  of m a m m a l s  i s  common and, i n  fac t ,  
many t e r r e s t r i a l  m a m m a l s  e x h i b i t  s e x  r a t i o s  which f l u c t u a t e  w i t h  
p o p u l a t i o n  d e n s i t y .  Al though i t  i s  n o t  y e t  p o s s i b l e  t o  e q u a t e
f i s h i n g  e f f o r t  w i t h  d e n s i t y  f o r  t h e s e  d o l p h i n  p o p u l a t i o n s ,
examinat ion of t e r r e s t r i a l  m a m m a l  s p e c i e s  may be i n s t r u c t i v e .  I n  
g e n e r a l ,  s e x  r a t i o s  a t  b i r t h  a r e  s l i g h t l y  i n  f a v o r  of males a n d  
t h u s  males o f t e n  predominate  from concept ion  through b i r t h .  This  
i s  wha t  Hohn and C h i v e r s  o b s e r v e d  i n  d o l p h i n s  f rom a l l  f i s h i n g  
a r e a s .  However, male m o r t a l i t y  r a t e s  exceed t h o s e  of f e m a l e s  
t h r o u g h o u t  l i f e ,  s o  t h e  s e x  r a t i o  of a d u l t s  f r e q u e n t l y  f a v o r s  
females.  Spec ie s  e x h i b i t i n g  t h i s  p a t t e r n  are f u r  seals,  e l ephan t
seals, ra t s ,  humans, as  well as  a number of ungula te  spec ie s .  

C l e a r l y ,  m a m m a l s  a r e  a b l e  t o  i n v e s t  s e l e c t i v e l y  i n  t h e i r  
o f f s p r i n g .  I n c r e a s e d  p r e w e a n i n g  i n v e s t m e n t  i n  m a l e s  h a s  been  
o b s e r v e d  i n  b o t h  red deer and e l e p h a n t  s e a l s  a s  w e l l  a s  o t h e r  
s p e c i e s .  The i n c r e a s e d  p r e w e a n i n g  i n v e s t m e n t  i s  m a n i f e s t e d  a s  
h e a v i e r  b i r t h  w e i g h t s ,  f a s t e r  g r o w t h  r a t e s ,  and l a t e r  weaning
da tes  and  r e s u l t  i n  s e x u a l l y  d i m o r p h i c  a d u l t s .  T h e  a b i l i t y  t o  
v a r y  t h e  s e x  r a t i o  of o f f s p r i n g  e n a b l e s  a f e m a l e  t o  r e s p o n d  t o  
changing c o n d i t i o n s  i n  s u c h  a way as t o  maximize h e r  r ep roduc t ive  
success. 

I n  a d d i t i o n  t o  s e l e c t i v e  pos t -na t a l  inves tment  i n  female  or  
male o f f s p r i n g ,  f e m a l e s  of many s p e c i e s  have  been  o b s e r v e d  t o  
p roduce  na l e s  when t h e y  a r e  i n  a "good c o n d i t i o n "  a n d  f e m a l e s  
when t h e y  a r e  i n  "poor  c o n d i t i o n . "  Females i n  good c o n d i t i o n  
w i l l  produce t h e  h e a l t h i e s t  young and a hea l thy  male w i l l  produce
t h e  m o s t  number  of g r a n d c h i l d r e n ,  t h u s  m a x i m i z i n g  h e r  
r e p r o d u c t i v e  p o t e n t i a l .  C o n v e r s e l y ,  p r o d u c t i o n  of f e m a l e  
o f f s p r i n g  r e s u l t s  i n  t h e  h i g h e s t  r e t u r n s  when c o n d i t i o n s  a r e  less  
t h a n  a d e q u a t e  t o  p roduce  a t o p  q u a l i t y  male. Synonymous w i t h  
poor cond i t ion ,  t h e  term s t ress  i n  t h e  l i t e r a t u r e  h a s  most o f t e n  
been used t o  refer t o  n u t r i t i o n a l  stress,  al though it  may a l s o  be 
used  t o  descr ibe  b e h a v i o r a l  a n d  p h y s i o l o g i c a l  c o n d i t i o n s .  
Whatever t h e  d e s c r i p t o r ,  s tress o r  poor cond i t ion ,  t h e  r e s u l t  i n  
most a n i m a l s  i s  a s e x  r a t i o  i n  which  there  a r e  more f ema les  t h a n  
males. Among u n g u l a t e  s p e c i e s  p o p u l a t i o n s  cons idered  stressed 
a r e  f r e q u e n t l y  those  sub jec t ed  t o  e x c e s s i v e  m o r t a l i t y ,  p reda t ion
and hunt ing,  which  may or  may no t  be a s s o c i a t e d  w i t h  n u t r i t i o n a l  
stress. These popu la t ions  e x h i b i t  a s e x  r a t i o  f a v o r i n g  f ema les  
a t  t h e  t i m e  of b i r t h .  

T h e  s p o t t e d  d o l p h i n  p o p u l a t i o n  of t h e  e a s t e r n  t r o p i c a l  
P a c i f i c  may be c o n s i d e r e d  t o  be s t ressed .  Al though f o o d  may b e  
p l e n t i f u l  b e c a u s e  of reduced p o p u l a t i o n  l e v e l s ,  an  e l e m e n t  of 
s t r e s s  m u s t  be  i n d u c e d  by f i s h e r y  a c t i v i t i e s .  S e t s  on l a r g e r
schoo l s  of do lph ins  a r e  p r e f e r r e d  by t h e  tuna  f i s h e r y  because of 
t h e  c o r r e s p o n d i n g l y  l a r g e r  n u m b e r  of t u n a  t h e y  a r e  a s s o c i a t e d  

A' 
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w i t h .  The l a r g e r  s c h o o l s  a r e  a l s o  l i k e l y  t o  be breeding  schoo l s  
and t o  c o n t a i n  a h i g h e r  p r o p o r t i o n  of mature f e m a l e s .  F i s h i n g
o p e r a t i o n s  w h i c h  i n c l u d e  a n  i n i t i a l  and  o f t e n  e x t e n s i v e  c h a s e  
p r i o r  t o  enc i r c l emen t  m u s t  be d i s r u p t i v e  because t h e  o p e r a t i o n s
i n t e r r u p t  f o r a g i n g  and o t h e r  normal a c t i v i t i e s .  Add i t iona l ly ,  i n  
h e a v i l y  f i s h e d  areas,  f e m a l e s  a r e  l i k e l y  t o  have  been  s e t  on 
r e p e a t e d l y ,  t h u s  i n c r e a s i n g  t h e  l e v e l  of s t ress .  Those a reas  
f i s h e d  f o r  t h e  l o n g e s t  t i m e  and  w i t h  t h e  g r e a t e s t  r e g u l a r i t y  
e x h i b i t a  s e x  r a t i o m o s t  h i g h l y  s k e w e d i n f a v o r  of females. 

T h u s ,  i f  i n f o r m a t i o n  s u p p l i e d  by s t u d i e s  of a v a r i e t y  of 
mammalian s p e c i e s  i s  a p p l i c a b l e ,  Hohn and  C h i v e r s  b e l i e v e  t h a t  
g e n e r a l  c o n d i t i o n  of  t h e  p o p u l a t i o n  may be i n f e r r e d  f rom t h e  
e x a m i n a t i o n  of s e x  r a t i o s .  F u r t h e r  e v a l u a t i o n  m u s t  c o n s i d e r  
o t h e r  r e p r o d u c t i v e  and g r o w t h  r a t e  p a r a m e t e r s ,  i n c l u d i n g  body 
c o n d i t i o n ,  a n n u a l  p regnancy  r a t e ,  l a c t a t i o n  p e r i o d ,  c a l v i n g
i n t e r v a l ,  a n d  a g e  a t  s e x u a l  m a t u r a t i o n .  I n  c o n c e r t  w i t h  
examinat ion of many l i f e  h i s t o r y  t r a i t s  and r e s u l t s  from a 5-year
re sea rch  v e s s e l  survey monitor ing changes i n  popu la t ion  l e v e l s ,  
t h e  r e su l t s  presented  h e r e  may be a p p l i c a b l e  t o  moni tor ing  t r e n d s  
i n  t h e  populat ion.  

Handbook for Dolphin Sampling Completed 

Recent ly  completed by Al Myrick, W i l d l i f e  B i o l o g i s t  a t  t h e  
Sou thwes t  F i s h e r i e s  Center  i n  L a  J o l l a ,  is  a 69-page book le t  f o r  
t u n a - d o l p h i n  o b s e r v e r s  e n t i t l e d ,  " P r o c e d u r e s  f o r  s a m p l i n g
dolphins:  A handbook f o r  sh ipboard  observers." I n  t h i s  handbook 
Myrick discusses t h e  proper  u s e  of sampling equipment, e x p l a i n s
t h e  p r o c e d u r e  f o r  t a k i n g ,  p r e s e r v i n g ,  and s t o r i n g  b i o l o g i c a l  
s a m p l e s ,  and  d e s c r i b e s  t h e  f e a t u r e s  a n d  l o c a t i o n  of a n a t o m i c a l  
s i t e s  f rom which  s a m p l e s  a r e  t a k e n .  D e s c r i p t i o n s  of d a t a  and  
s p e c i m e n  c o l l e c t i o n  a r e  s u p p o r t e d  by t h e  2 2  f i g u r e s  i n  t h e  
handbook and a n  e x t e n s i v e  index w h i c h  provides  ready r e fe rence  t o  
key-word top ic s .  

Designed a s  more than  a "how-to" manual, t h e  o b j e c t i v e  is t o  
h e l p  t h e  sh ipboard  observer  understand t h e  importance of t h e  j o b
and how t h e  work i s  r e l e v a n t  t o  t h e  r e s e a r c h  m i s s i o n .  For  
example ,  t h e  handbook i n c l u d e s  e x p l a n a t i o n s  of why p a r t i c u l a r  
procedures  a re  r equ i r ed  and how v a r i o u s  samples  w i l l  be used i n  
ongo ing  b i o l o g i c a l  s t u d i e s .  A l though  i n t e n d e d  p r i m a r i l y  a s  a 
p r e s e n t a t i o n  of sampling g u i d e l i n e s  f o r  t h e  observer  i n  t r a i n i n g ,
i t  a l s o  c o n t a i n s  i n f o r m a t i o n  t h a t  t h e  more e x p e r i e n c e d  f i e l d  
s c i e n t i s t  may f i n d  u s e f u l .  T h e  handbook h a s  been  p u b l i s h e d  a s  
NOAA Technical  Memorandum, NOAA-TM-NMFS-SWFC-62. 
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TUNA BEHAVIOR AND PHYSIOLOGY 

Ongoing Shoreside Experiments Concluded# 
New Work Put on Hold 

Over  t h e  y e a r s  t h e  H o n o l u l u  L a b o r a t o r y  h a s  e a r n e d  a 
worldwide r e p u t a t i o n  f o r  e x c e l l e n c e  i n  r e s e a r c h  on t h e  physiology
and behav io ra l  ecology of t r o p i c a l  tunas. Research on me tabo l i c  
r a t e s  a n d  e n e r g e t i c s  of f r e e  swimming t u n a s t  s e n s o r y  b i o l o g y ,
a r t i f i c i a l  spawning  and  l a r v a l  d e v e l o p m e n t  and  e n v i r o n m e n t a l  
t o l e r a n c e s  of t u n a s  h a s  been carried o u t  by Honolulu Laboratory
p e r s o n n e l r  g r a d u a t e  s t u d e n t s  and  v i s i t i n g  s c i e n t i s t s  a t  t h e  
Kewalo B a s i n  R e s e a r c h  F a c i l i t y .  Basic  b i o l o g i c a l  r e s e a r c h  of 
t h i s  n a t u r e  i s  a n  e s s e n t i a l  p a r t  of a n  e f f e c t i v e  l o n g  term 

, s t r a t e g y  t o  improve  s t o c k  a s s e s s m e n t s  a n d  m o d e l s  of p o p u l a t i o n
dynamics.  R e a l i s t i c  models  of s k i p j a c k  and y e l l o w f i n  t u n a  
dynamics  m u s t  c o n s i d e r  t h e i r  h i g h  d e g r e e  of m o b i l i t y ,  t h e i r  
r e s p o n s e s  t o  e n v i r o n m e n t a l  v a r i a t i o n ,  and o t h e r  f a c t o r s  which  
de termine  movementsr a v a i l a b i l i t y  and c a t c h a b i l i t y .  

cUnf o r t u n a t e l y r  due  t o  budget r e d u c t i o n s  basic p h y s i o l o g i c a l
r e s e a r c h  was cu r t a i l ed  i n  FY 87. E f f o r t  was p laced  on complet ing 
a few s t u d i e s  a l r e a d y  i n  p r o g r e s s  and  due  t o  be f i n i s h e d  by t h e  
end of 1987. After t h i s  f i s c a l  y e a r ?  w o r k  w i l l  be p laced  on hold  
u n t i l  b u d g e t s  c u t s  c a n  be  r e s t o r e d  o r  o u t s i d e  f u n d i n g  s o u r c e s  
found. 

x 

Possible Impacts of Parasite on 
Yellowfin Mortality Studied 

One of t h e  s t u d i e s  c o n c l u d e d  by t h e  Hono lu lu  L a b o r a t o r y  i n  
F Y  87 was a s t u d y  of t h e  p o s s i b l e  n a t u r a l  m o r t a l i t y  e f f e c t s  of  
t h e  i n t r a - v a s c u l a r  l a r v a l  c e s t o d e  ( i . e . r  tapeworm) p a r a s i t e  
(DasyrhyDchus M i s w'1  on y e l l o w f i n  t u n a  ( T h u n u s  -1
Laboratory and f i e l d  exper iments  were f i n i s h e d  i n  FY 868 b u t  t h e  
a n a l y s i s  of t h e  r e s u l t s  was c o m p l e t e d  t h i s  y e a r .  A m a n u s c r i p t
d e s c r i b i n g  t h e  inc idence  of i n f e c t i o n  and e f f e c t s  of t h e  l a r v a l  
c e s t o d e  p a r a s i t e  was s u b m i t t e d  f o r  p u b l i c a t i o n  i n  W
B u l l e t 1'9. The work was c o - a u t h o r e d  by R i c h a r d  B r i l l r  R o b e r t  
B o u r k e r  J i m  Brock and Murray Dailey. 

The p a r a s i t e  i s  f o u n d  i n  t h e  d o r s a l  a o r t a  ( t h e  m a j o r  b l o o d  
v e s s e l  s u p p l y i n g  b l o o d  t o  t h e  f i s h ' s  swimming m u s c l e s  a n d  
i n t e r n a l  organs)  of up t o  60% of t h e  small  y e l l o w f i n  tuna  (1-3 kg
body) c a u g h t  n e a r  H a w a i i .  Because t h e  p a r a s i t e  a n d  r e s u l t a n t  
h o s t  i n f l a m m a t i o n  o f t e n  a p p e a r  t o  a l m o s t  t o t a l l y  o c c l u d e  t h e  
d o r s a l  a o r t a r  t h e  o r i g i n a l  hypothes is  was t h a t  t h e  p a r a s i t e  could  
be a s i g n i f i c a n t  f a c t o r  i n  t h e  n a t u r a l  m o r t a l i t y  of t h i s  
c o m m e r c i a l l y  i m p o r t a n t  s p e c i e s .  To t e s t  t h i s  h y p o t h e s i s r  f o r k  
l eng th ,  body weightr l i v e r  weight ,  hear t  weightr RNMDNA r a t i o s  
( a  measure of s h o r t  term g r o w t h  r a t e s 1 8  and  o t o l i t h  w e i g h t  ( a  
measure  of l o n g  term g r o w t h  r a t e )  were m e a s u r e d .  No 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were f o u n d  b e t w e e n  
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p a r a s i t i z e d  and  u n p a r a s i t i z e d  f i s h .  How y e l l o w f i n  t u n a  a r e  
appa ren t ly  able t o  remain una f fec t ed  by occ lus ion  of t h e i r  d o r s a l  
aor tas  could n o t  be determined. 

The i n c i d e n c e  of i n f e s t a t i o n  i n  s m a l l  t u n a  c a u g h t  b e t w e e n  
F e b r u a r y  1985 and  March 1986 a n d  t h e  i n c i d e n c e  of d o r s a l  a o r t a  
i n f e s t a t i o n  i n  l a r g e  ( < 4 5  kg) f i s h  were a l s o  measured. La rge
y e l l o w f i n  t u n a  were r a r e l y  p a r a s i t i z e d  (<5%) i n  t h e  d o r s a l  a o r t a  
b u t  showed a h i g h  r a t e  ( < 8 0 % )  of i n f e s t a t i o n  i n  o t h e r  m a j o r
arteries.  The h i g h e r  i nc idence  of p a r a s i t e s  i n  t h e  d o r s a l  a o r t a  
of sma l l  y e l l o w f i n  t u n a  v a r i e d  d r a m a t i c a l l y  w i t h  s eason .  The  
i n f e s t a t i o n  ra te  of small f i s h  dropped suddenly from 66% i n  June- 
J u l y  1985 t o  11%i n  August-September  1985 ,  most  l i k e l y  d u e  t o  
i n f l u x  of a s e p a r a t e  g r o u p  of u n p a r a s i t i z e d  f i s h  i n t o  t h e  
Hawai i an  f i s h e r y .  T h e r e f o r e ,  i t  a p p e a r s  t h a t  D a s y r h y n c h u
+ a l i s m d  may s e r v e  a s  a marker f o r  t r a c i n g  t h e  movements  o f  
small y e l l o w f i n  tuna  i n t o  and o u t  of s p e c i f i c  f i s h e r i e s  o r  areas. 

Responses of Tuna t o  Low Ambient Oxygen Modeled 

During FY 87 r e sea rch  was a l s o  concluded on t h e  r e a c t i o n s  of 
t u n a s  t o  low ambient oxygen l e v e l s .  The h a b i t a t ,  d i s t r i b u t i o n ,  
gear  v u l n e r a b i l i t y  and perhaps even n a t u r a l  m o r t a l i t y  of t u n a s  is  
p a r t l y  d e t e r m i n e d  by a m b i e n t  oxygen l e v e l s .  T h e  o b j e c t i v e  of 
t h i s  p r o j e c t  was t o  d e f i n e  s k i p j a c k  a n d  y e l l o w f i n  t u n a s '  
r e a c t i o n s  a n d  t o l e r a n c e s  t o  low a m b i e n t  oxygen c o n d i t i o n s  a s  a 
basis f o r  modeling tuna  h a b i t a t  and d i s t r i b u t i o n .  The research 
was c o n d u c t e d  by Pe ter  B u s h n e l l r  a g r a d u a t e  s t u d e n t  i n  t h e  
Depar tmen t  of P h y s i o l o g y ,  U n i v e r s i t y  of Hawaii, and F i s h e r y
B i o l o g i s t  Richard  B r i l l  of t h e  Honolulu Laboratory. Because t h e  
w o r k  i n v o l v e d  s i m u l t a n e o u s l y  m e a s u r i n g  v e n t i l a t i o n  volume,
ca rd iac  o u t p u t ,  h e a r t  r a t e r  and  m o u t h  gape  t h e  work had  t o  be  
done  on t a b l e d  (i.e., non-swimming),  a n i m a l s .  To do t h i s  t h e  
i n v e s t i g a t o r s  d e v e l o p e d  t h e  new t e c h n i q u e  of s p i n a l l y  b l o c k i n g  
(i.e., p a r a l y z i n g )  t h e  f i s h  by d i r e c t l y  i n j e c t i n g  t h e  l o c a l  
a n e s t h e t i c  Lydoca ine  i n t o  t h e  s p i n a l  column b e h i n d  t h e  head. 
T h i s  l e a v e s  t h e  an imal  f u l l y  consc ious  and able  t o  m a k e  n a t u r a l  
p h y s i o l o g i c a l  ad jus tmen t s  t o  imposed low ambient oxygen l e v e l s .  

The s tudy  found t h a t  tuna  a r e  very  s e n s i t i v e  t o  t h e  l e v e l  of 
o x y g e n  i n  t h e  w a t e r .  When t u n a  a r e  e x p o s e d  t o  v e r y  m i l d  
r e d u c t i o n s  o n  a m b i e n t  o x y g e n r  w e l l  a b o v e  l e t h a l  l i m i t s ,  
compensatory c a r d i o - r e s p i r a t o r y  ad jus tmen t s  a r e  i n i t i a t e d .  The 
f i r s t  response seen  is  an  i n c r e a s e  i n  mouth gape and v e n t i l a t i o n  
volumet  w h i c h  a r e  accompanied  by a s l o w i n g  of h e a r t  r a t e  a s  t h e  
oxygen l e v e l  f a l l s .  Cardiac ou tpu t  i s  main ta ined  a t  t h e  reduced 
h e a r t  r a t e s  by a c o m p e n s a t o r y  i n c r e a s e  i n  s t r o k e  volume ( t h e  
amount of b lood  pumped per b e a t ) .  S k i p j a c k  t u n a  showed a 
s t r o n g e r  s lowing  of t h e  h e a r t  r a t e  and  smaller i n c r e a s e s  i n  gape
and  v e n t i l a t i o n  volume t h a n  d i d  y e l l o w f i n  t u n a .  T h i s  may be  a 
r e s u l t  of t h e i r  s i g n i f i c a n t l y  h i g h e r  r e s t i n g  hea r t  ra tes ,  l a rge r  
gape and h i g h e r  v e n t i l a t i o n  volumes. 
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To check t h e  responses  of para lyzed  f i s h !  exper iments  were 
begun t o  measure t h e  c h a n g e s  i n  h e a r t  r a t e  of swimming f i s h  
exposed  t o  low a m b i e n t  oxygen. Heart r a t e  i s  recorded u s i n g  a n  
FM r a d i o  t r a n s m i t t e r .  Data from y e l l o w f i n  and s k i p j a c k  tuna  so  
f a r  show t h a t  para lyzed  and t a b l e d  f i s h  a re  e s s e n t i a l l y  e q u a l l y
s e n s i t i v e  t o  c h a n g e s  i n  low a m b i e n t  oxygen. I n d e e d t  d a t a  f r o m  
swimming f i s h  show t h a t  a t  a l m o s t  a l l  l e v e l s  of r e d u c t i o n  i n  
ambient oxygen tuna  show c a r d i o - r e s p i r a t o r y  a d j u s t m e n t s .  When 
t h e  c a r d i o - r e s p i r a t o r y  da ta  f rom t a b l e d  and  swimming f i s h  a r e  
combined w i t h  d a t a  on swimming d e p t h  o b t a i n e d  by t r a c k i n g  ( s ee
p r o j e c t  described below) and w i t h  data on oxygen l e v e l s  a t  depth,
i t  a p p e a r s  t h a t  even  m i l d  r e d u c t i o n s  i n  a m b i e n t  oxygen l e v e l  
( w e l l  above l e t h a l  l e v e l )  may have an  e f fec t  on t h e  behavior  and 
v e r t i c a l  d i s t r i b u t i o n  of s k i p j a c k  and y e l l o w f i n  tuna.  

Ultrasonic Tracking Extended to Skipjack and Mahimahi 

P r i o r  t o  F Y  87 u l t r a s o n i c  t r a c k i n g  research a t  t h e  Honolulu 
L a b o r a t o r y  c e n t e r e d  on m e a s u r i n g  t h e  v e r t i c a l  and h o r i z o n t a l  
movements of y e l l o w f i n  and  b i g e y e  t u n a s  a s s o c i a t e d  w i t h  f i s h  
a g g r e g a t i n g  d e v i c e s  ( F A D S ) .  T h e  work i n v o l v e s  f o l l o w i n g  f i s h  
c a r r y i n g  u l t r a s o n i c  d e p t h  s e n s i t i v e  t r a n s m i t t e r s  u s i n g  t h e  WV 
K a h e l et a l e. I n  t h e  e a r l y  p h a s e s  of t h e  research t h e  main  
o b j e c t i v e s  have been t o  de t e rmine  how FADs i n f l u e n c e  t h e  v e r t i c a l  
and  h o r i z o n t a l  movements of these s p e c i e s  and  t o  d e t e r m i n e  
s t r a t e g i e s  f o r  o p t i m a l  FAD p l a c e m e n t .  The  p r o j e c t  i s  a j o i n t
e f f o r t  b e t w e e n  K i m  H o l l a n d  of t h e  H a w a i i  I n s t i t u t e  of Mar ine  
B i o l o g y  and  R i c h a r d  B r i l l  of t h e  Hono lu lu  L a b o r a t o r y .  P a r t i a l  
funding is a l s o  provided by t h e  U.H. Sea Grant  Program. 

During F Y  87 t h e  p r o j e c t  was expanded t o  g a t h e r  data  on two 
o t h e r  c o m m e r c i a l l y  i m p o r t a n t  p e l a g i c  species  of t e n  a s s o c i a t e d  
w i t h  F A D s t  s k i p j a c k  t u n a  a n d  m a h i m a h i .  To d a t e  3 s k i p j a c k  t u n a  
and  3 mahimah i  have  been  c a u g h t t  t agged  w i t h  t r a n s m i t t e r s  and 
f o l l o w e d  f o r  up  t o  48 h o u r s .  I n  g e n e r a l  m a h i m a h i  have  been  found  
t o  r e m a i n  c l o s e l y  a s s o c i a t e d  w i t h  F A D s  f o r  up t o  8 h o u r s  a t  a 
t i m e .  T h i s  c o n t r a s t s  s h a r p l y  w i t h  t h e  behavior of y e l l o w f i n  tuna  
w h i c h  t e n d  t o  r e m a i n  n e a r  F A D s  f o r  p o r t i o n s  of a day  and a l w a y s  
l e a v i n g  t h e  FAD a t  or  be fo re  sunse t .  Also tracked were mah imah i  
a s soc ia t ed  w i t h  d r i f t i n g  o b j e c t s .  T h e s e  f i s h  were f o u n d  t o  
r e m a i n  t i g h t l y  a s s o c i a t e d  w i t h  t hese  o b j e c t s  f o r  l o n g  p e r i o d s .  
Mahimahi tracked s o  f a r  were found t o  remain a l m o s t  e x c l u s i v e l y  
a t  d e p t h s  of  5 0  me te r s  o r  l e s s  a n d  t o  s p e n d  l o n g  p e r i o d s
( e s p e c i a l l y  d u r i n g  d a y l i g h t  h o u r s )  i m m e d i a t e l y  a t  o r  s l i g h t l y
below t h e  surface. 

The  b e h a v i o r  of s k i p j a c k  t u n a  a r o u n d  FADs was found  t o  be 
d i f f e r e n t  f r o m  t h a t  of s k i p j a c k  t u n a  t racked  n e a r  Hawai i  i n  
p rev ious  years .  FAD a s s o c i a t e d  s k i p j a c k  t u n a  tended t o  remain i n  
t h e  u p p e r  5 0  m e t e r s  of t h e  w a t e r  c o l u m n t  u n l i k e  f i s h  n o t  
a s s o c i a t e d  w i t h  F A D s  w h i c h  make r e g u l a r  e x c u r s i o n s  of  s e v e r a l  
hundred meters u p  and down t h e  water column. 

c 
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I n  1 9 8 4 ,  a g r o u p  of  s c i e n t i s t s  met a t  t h e  S o u t h w e s t  
F i s h e r i e s  C e n t e r  t o  c o n s i d e r  how r e s e a r c h  e f f o r t s  s h o u l d  be 
focused t o  meet t h e  f u t u r e  needs of t u n a  management. The meeting 
was j o i n t l y  s p o n s o r e d  by t h e  I n t e r - A m e r i c a n  T r o p i c a l  Tuna 
Commission and t h e  SWFC. Among t h e  key recommendations was t h e  
development and use of an a r c h i v a l  t a g  t o  monitor  t h e  movements 
of many c o m m e r c i a l l y  i m p o r t a n t  s p e c i e s ,  s u c h  a s  t u n a  and 
b i l l f i s h ,  and  p r o t e c t e d  s p e c i e s  s u c h  a s  m a r i n e  m a m m a l s  and  
tur t les .  Such in fo rma t ion  could have impor t an t  i m p l i c a t i o n s  f o r  
f i s h e r y  d e v e l o p m e n t  and  management and  f o r  i n t e r p r e t a t i o n s  of 
such laws as  t h e  Magnuson F i she ry  Conservat ion and Management A c t  
and t h e  Marine M a m m a l  P r o t e c t i o n  A c t .  

The new t a g  i s  c a l l e d  a n  a r c h i v a l  t a g  because i t  s tores  
i n f o r m a t i o n .  I t  i s  d e s i g n e d  t o  be programmable  a n d  c o n t a i n s  a 
mic ro -ch ip .  For h i g h l y  m i g r a t o r y  s p e c i e s ,  s u c h  a s  t u n a s ,  i t  is  
p o s s i b l e  t o  measure and  r e c o r d  p a r a m e t e r s  needed  t o  t r a c k  
p o s i t i o n  ( t i m e s  of s u n r i s e  and  s u n s e t )  w a t e r  t e m p e r a t u r e  and  
depth. The times of s u n r i s e  and s u n s e t  would i n d i c a t e  l o n g i t u d e
and w o u l d  r e q u i r e  a l i g h t  s e n s o r .  The water  t e m p e r a t u r e  would 
i n d i c a t e  l a t i t u d e  by comparison t o  r e f e r e n c e  t empera tu re  d a t a  f o r  
t h e  g iven  longi tude .  Depth i s  needed because t empera tu re  v a r i e s  
w i t h  depth  as w e l l  a s  l a t i t u d e ,  and a l s o  because it i s  necessary  
t o  compensate f o r  a t t e n u a t i o n  of l i g h t  w i t h  depth. 

A c o n t r a c t  t o  des ign  and perform a f e a s i b i l i t y  s tudy  f o r  a n  
a r c h i v a l  t a g  h a s  been  g r a n t e d  t o  N o r t h w e s t  Marine Technology.
The company has  completed t h e  f i r s t  phase w i t h  a S m a l l  Bus iness  
Innovat ion  Research Grant  from t h e  Department of Commerce. The 
r e s u l t s  showed t h a t  deve lopmen t  of s u c h  a t a g  i s  f e a s i b l e  a n d  
w o u l d  r e q u i r e  $ 2 0 0 , 0 0 0  t o  p r o d u c e  s e v e r a l  p r o t o t y p e s  f o r  f i e l d  
t e s t i n g .  N o r t h w e s t  Marine Technology h a s  r e c e n t l y  a p p l i e d  f o r  
a n o t h e r  g r a n t  from t h e  Depar tmen t  t o  c o n t i n u e  t h e  p r o t o t y p e
development .  I f  s u c c e s s f u l  i n  t h e i r  a p p l i c a t i o n ,  N o r t h w e s t  
Marine Technology w i l l  develop approximately 40 p r o t o t y p e s  f o r  
t h e  SWFC t o  f i e l d  tes t .  

ROLE OF NATURAL MORTALITY I N  TDNA MODELS STDDIED 

T h e  r o l e  of n a t u r a l  m o r t a l i t y  i n  t u n a  s t o c k  a s s e s s m e n t  
mode l s  was t h e  s u b j e c t  of a r e c e n t  r e v i e w  c o n d u c t e d  by F i s h e r y  
B i o l o g i s t  Earl Weber a t  t h e  SWFC i n  L a  J o l l a .  Natura l  m o r t a l i t y
i n  t u n a s  i s  a d i f f i c u l t  s u b j e c t  t o  s t u d y  f o r  s e v e r a l  r e a s o n s .  
F i r s t ,  f r o m  t h e  n u m e r i c a l  s t a n d p o i n t ,  t h e  g r e a t  n u m b e r  o f  
i n d i v i d u a l s  i n  tuna  s t o c k s  and t h e  v a s t  geographica l  ranges t h e y  
occupy make  t r a d i t i o n a l  n a t u r a l  m o r t a l i t y  e s t i m a t i o n  procedures
problematic .  Determining t h e  causes of n a t u r a l  m o r t a l i t y  and a t  
w h a t  l i f e  s t a g e s  t h e s e  causes  m a n i f  e s t  t h e m s e l v e s  i s  d i f f i c u l t  
also. 
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Because dead t u n a s  a r e  heav ie r  t h a n  sea water and t h e r e f o r e  
S ink ,  n e c r o p s i e s  w h i c h  c a n  be c o n d u c t e d  on m a m m a l s ,  b i r d s ,  o r  
o t h e r  f i s h  a r e  impossible .  Also! s i n c e  t u n a s  h y d r a t e  (ass imilate
water) when faced w i t h  s t a r v a t i o n  t o  m a i n t a i n  t h e i r  hydrodynamic
form, t r a d i t i o n a l  c o n d i t i o n  f a c t o r s  are  meaningless  a s  i n d i c a t o r s  
of hea l th .  Acknowledging these problems, t h i s  s t u d y  was in tended  
t o  examine  t h e  v a r i o u s  ways i n  w h i c h  n a t u r a l  m o r t a l i t y  is  
estimated and e n t e r s  i n t o  t h e  modeling process.  T h i s  i n fo rma t ion  
w i l l  u l t i m a t e l y  be  u s e d  t o  assess  t h e  s e n s i t i v i t y  of f i s h e r y
models t o  s i m u l a t e d  changes i n  n a t u r a l  m o r t a l i t y .  

The model chosen fo r  t h i s  s tudy  was a c o h o r t  model because 
i t  i s  w i d e l y  u s e d  i n  f i s h e r y  b i o l o g y  and  because i t s  o u t p u t  i s  
u s e d  a s  a b a s i s  f o r  o t h e r  p o p u l a t i o n  models.  Two se t s  of 
s i m u l a t i o n s  were conducted. I n  t h e  f i r s t  set  n a t u r a l  m o r t a l i t y  
was a s s u m e d t o b e  constantbutadifferentvaluewas u s e d i n  e a c h  
s imula t ion .  I n  t h e  second set ,  s e v e r a l  v e c t o r s  of a g e - s p e c i f i c
n a t u r a l  m o r t a l i t y  were used. All s i m u l a t i o n s  were conducted w i t h  
t h e  same c a t c h  a t  age d a t a ,  t h e  a v e r a g e  f r o m  t h e  N o r t h  P a c i f i c  
a lbacore  f i s h e r y  f o r  t h e  y e a r s  1 9 6 5  t h r o u g h  19821 and t h e  
r e s u l t i n g  popu la t ions  p r e d i c t e d  i n  t h e  s i m u l a t i o n s  were recorded. 

T h e  r e s u l t s  of t h e  c o h o r t  s i m u l a t i o n s  i n  w h i c h  n a t u r a l  
m o r t a l i t y  was assumed c o n s t a n t  i n d i c a t e  t h a t  t h e  popu la t ion  s i z e s  
p r e d i c t e d  t h r o u g h  c o h o r t  a n a l y s e s  were g r e a t l y  a f f e c t e d  by t h e  
v a l u e  of n a t u r a l  m o r t a l i t y  even though t h e  model was c o n s t r a i n e d  
i n  s u c h  a way t h a t  t o t a l  m o r t a l i t y  was e q u a l  t o  t h e  v a l u e  
observed from f i s h e r y  da ta  i n  all s imula t ions .  Natural m o r t a l i t y  
was ana lagous  t o  a n  i n t e r e s t  r a t e  i n  t h a t  h igh  v a l u e s  of n a t u r a l  
m o r t a l i t y  i n f l a t e  t h e  p o p u l a t i o n  s i z e  a t  each a g e  pred ic ted  by
t h e  c o h o r t  model. The second s e t  of s i m u l a t i o n s ,  conducted w i t h  
a g e - s p e c i f i c  v a l u e s  of n a t u r a l  m o r t a l i t y !  i n d i c a t e d  t h e  p r e d i c t e d
popu la t ion  s i z e  by age group was more s e n s i t i v e  t o  t h e  v a l u e s  of 
n a t u r a l  m o r t a l i t y  f o r  y o u n g e r  a g e  g r o u p s  t h a t  a r e  w e l l  
r e p r e s e n t e d  i n  t h e  f i s h e r y  than  t h e  v a l u e s  of n a t u r a l  m o r t a l i t y
i n  t h e  o l d e r  a g e  g r o u p s  w i t h  fewer i n d i v i d u a l s  i n  t h e  c a t c h  
subjected t o  any g iven  l e v e l  of i n f l a t i o n .  

I n  b r ie f ,  p r e d i c t e d  popu la t ion  l e v e l s  were affected by t h e  
v a l u e  of n a t u r a l  m o r t a l i t y  when assumed t o  be cons t an t ,  as wel l  
a s  by t h e  s h a p e  of t h e  v e c t o r  when assumed t o  be v a r i a b l e .  
E r ro r s  i n  t h e  o u t p u t  of a c o h o r t  model w o u l d  a l s o !  of c o u r s e r  
a f f e c t  o t h e r  f i s h e r i e s  models based on t h i s  ou tput .  
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Ankenbrandt r  L i s a .  1986. The o c c u r r e n c e  of young s k i p j a c k  
tuna  ( P a t s u w u  pel- ' 1 i n  t h e  d i e t  of a d u l t  s k i p j a c k  from 
t h e  southwes tern  A t l a n t i c  Ocean, pp. 299-300. In: P. E. K. 
Symonst P. M. Miyake and  G. T. Sakagawa (eds.1, P r o c e e d i n g s
of t h e  ICCAT Conference on t h e  I n t e r n a t i o n a l  Skipjack Year 
Program, Madrid, 1986. 

Stomach c o n t e n t s  of sk ip j ack  t u n a  captured  i n  1981-1982 by
p o l e - a n d - l i n e  g e a r  o f f  t h e  s o u t h e r n  c o a s t  of B r a z i l  were 
a n a l y z e d  f o r  t h e  p r e s e n c e  of l a r v a l  and j u v e n i l e  s k i p j a c k .  
The p e r c e n t  f r e q u e n c y  of o c c u r r e n c e ,  p e r c e n t  number a n d  
p e r c e n t  volume were evaluated.  Of t h e  1,041 stomachs t h a t  
were examined f o r  food, 436 were empty. The mean volume of 
food i n  a l l  stomachs analyzed was 36.9 mlt of which 18.9 ml 
was b a i t  and 18.0 m l  was prey. Larva l  and j u v e n i l e  s k i p j a c k  
were n o t  p r e s e n t  i n  t h e  d i e t  of a d u l t s  from t h i s  s tudy .  

Arguer A. W., P. Kleiber ,  R. E. Kearney and  J. R. S i b e r t .  1986. 
Eva lua t ion  of methods used by t h e  South Pacif ic  Commission 
f o r  i d e n t i f i c a t i o n  of s k i p j a c k  p o p u l a t i o n  S t r u c t u r e ,  pp.
242-251. In: P. E. K. Symonsr P. M. Miyake and G. T. 
Sakagawa (eds.1, Proceedings of t h e  ICCAT Conference on t h e  
I n t e r n a t i o n a l  Skipjack Year Program, Madrid, 1986. 

The u s e  of d a t a  f rom b lood  g e n e t i c s ,  t a g g i n g ,  g r o w t h ,
m a t u r i t y ,  j u v e n i l e  o c c u r r e n c e ,  and p a r a s i t e  s t u d i e s  f o r  
e x a m i n i n g  s k i p j a c k  p o p u l a t i o n  s t r u c t u r e  i s  d i s c u s s e d  i n  
l i g h t  of e x p e r i e n c e  by t h e  S k i p j a c k  Survey  and A s s e s s m e n t  
Programme of t h e  Sou th  P a c i f i c  Commission. R e s u l t s  f r o m  
a n a l y s e s  of t h e s e  data suppor t  s e v e r a l  d i f f e r e n t  hypotheses
of s k i p j a c k  popu la t ion  s t ruc ture  i n  t h e  P a c i f i c  Ocean. Th i s  
confus ion  r e f l e c t s ,  i n  p a r t ,  t h e  l i m i t e d  in fo rma t ion  c o n t e n t  
of t h e s e  d a t a  f o r  i n f e r r i n g  popu la t ion  s t ructure .  Therefore  
uncondi t iona l  suppor t  f o r  any one hypo thes i s  is  mis leading ,
p a r t i c u l a r l y  a s  t h e  p o t e n t i a l  f o r  f i s h e r y  i n t e r a c t i o n  
d i f f e r s  markedly amongst t h e  hypotheses. 

B e f o r e  c h o o s i n g  a mos t  l i k e l y  h y p o t h e s i s  of s k i p j a c k
p o p u l a t i o n  s t r u c t u r e ,  g a p s  i n  t h e  b a s i c  b i o l o g i c a l  d a t a ,
s p e c i f i c a l l y  g e o g r a p h i c a l  d i s t r i b u t i o n  of spawning  a n d  
movement of p r e - r e c r u i t s ,  s h o u l d  be f i l l e d .  O b t a i n i n g
comprehensive new data w i l l  be c o s t l y  and time-consuming and  
w i l l  n o t  overcome i n h e r e n t  w e a k n e s s e s  of t h e  t r a d i t i o n a l  
methods. There i s  a need t o  weigh t h e  b e n e f i t s  t o  be ga ined
from improved knowledge of popu la t ion  s t r u c t u r e  a g a i n s t  t h e  
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b e n e f i t s  t o  b e  g a i n e d  f r o m  a b e t t e r  u n d e r s t a n d i n g  o f  
i n t e r a c t i o n  amongs t  components  of t h e  r a p i d l y  e x p a n d i n g
f i s h e r y  f o r  sk ip j ack .  

P 

A u t  David W. K. 1 9 8 6 .  S k i p j a c k  p o p u l a t i o n  dynamics :  Is it 
q u a l i t a t i v e l y  d i f f e r e n t  from t h a t  of o t h e r  t r o p i c a l  t unas?  
pp. 1 8 9 - 1 9 7 .  In: P. E. K. Symons, P. M. Miyake and G. T. 
Sakagawa (eds.1, Proceedings of t h e  ICCAT Conference on t h e  
I n t e r n a t i o n a l  Skipjack Year Program, Madrid, 1 9 8 6 .  

Some a s p e c t s  of t h e  p o p u l a t i o n  dynamics  of s k i p j a c k ,
y e l l o w f i n ,  and b igeye  tuna  a re  compared, and an  exp lana t ion
i s  s o u g h t  f o r  t h e  l a r g e  v a r i a t i o n s  i n  c a t c h e s  of s k i p j a c k
and t h e  l a c k  of e v i d e n c e  f o r  d e c l i n e  i n  i t s  p o p u l a t i o n s
f o l l o w i n g  f i s h i n g .  Compared w i t h  y e l l o w f i n  and b i g e y e ,
s k i p j a c k  i s  a n  ear l ie r  maturing s p e c i e s  w i t h  h igher  n a t u r a l  
m o r t a l i t y  a n d  more v a r i a b l e  p o p u l a t i o n s .  I t  f o l l o w s  t h a t  
i t s  p o p u l a t i o n s  have  fewer a g e  c lasses ,  a r e  more v a r i a b l e  
f r o m  c h a n g e s  i n  y e a r  c l a s s  s t r e n g t h  and  a v a i l a b i l i t y ,  a n d  
have  h i g h e r  p r o d u c t i o n / b i o m a s s  r a t i o s .  S k i p j a c k  may be 
c o n s i d e r e d  more ' r - s e l e c t e d '  t h a n  t h e  o t h e r  t u n a s ,  i.e. t h e  
s p e c i e s  has  probably evolved f o r  g r e a t e r  success i n  t h e  more 
v a r i a b l e  h a b i t a t s  of t h e  t r o p i c a l  o c e a n  t h r o u g h  i n c r e a s e d  
p o t e n t i a l  f o r  popula t ion  growth. Skipjack t h e r e f o r e  should 
a l s o  be expected t o  be more o p p o r t u n i s t i c  and mig ra to ry  i n  
c o m p a r i s o n  t o  t h e  o t h e r  t u n a s .  The t r o p i c a l  t u n a s ,  b u t  
e s p e c i a l l y  s k i p j a c k ,  a p p e a r  t o  have  s p e c i a l i z e d  i n  t h e  
e n e r g y - e x p e n s i v e  f o r a g i n g  s t r a t e g y  of s u s t a i n e d ,  f a s t -
swimming s e a r c h  o v e r  l a r g e  a r e a s ,  and  t h i s  i s  t h e  l i k e l y
l i n k  b e t w e e n  t h e i r  h i g h  m e t a b o l i c  and  n a t u r a l  m o r t a l i t y  
ra tes .  I t  i s  f u r t h e r  s u g g e s t e d  t h a t  t h e  h i g h e r  n a t u r a l  
m o r t a l i t y  of s k i p j a c k  i s  more d e n s i t y  dependent t h a n  i n  t h e  
o t h e r  t u n a s ,  and t h a t  t h i s  reduces  t h e  e f f e c t s  of f i s h i n g .  

Au, D a v i d  W. K. a n d  R o b e r t  L. P i t m a n .  1 9 8 6 .  S e a b i r d  
i n t e r a c t i o n s  w i t h  do lph ins  and t u n a  i n  t h e  e a s t e r n  t r o p i c a l
P a c i f i c .  The Condor 8 8 : 3 0 4 - 3 1 7 .  

B i r d  f l o c k s  a s s o c i a t e d  w i t h  do lph ins  i n  t h e  e a s t e r n  t r o p i c a l
P a c i f i c  a r e  d e s c r i b e d  f rom o b s e r v a t i o n s  o b t a i n e d  d u r i n g
e i g h t  cruises  t h a t  took p l a c e  from January t o  March of 1 9 7 6 ,  
1 9 7 7 ,  1 9 7 9 ,  and 1 9 8 0 .  I n  t h e  n o r t h e r n  t r o p i c a l  w a t e r s  
b e t w e e n  l a t i t u d e s  5'N and 3 0 " N t  4 3 %  t o  5 3 % of b i r d  f l o c k s  
c o - o c c u r r e d  w i t h  d o l p h i n s .  I n  e q u a t o r i a l  and s o u t h e r n  
s u b t r o p i c a l  w a t e r s  between l a t i t u d e s  5'N t o  12"s and i n  t h e  
c e n t r a l  P a c i f i c  l e s s  t h a n  8 % of  t h e  f l o c k s  were a s s o c i a t e d  
w i t h  d o l p h i n s .  I n  n o r t h e r n  t r o p i c a l  waters  a b o u t  7 0 %  of 
d o l p h i n  s c h o o l s  a s s o c i a t e d  w i t h  f l o c k s  were composed of  
s p o t t e d  o r  s p o t t e d  p l u s  s p i n n e r  dolphins ;  converse ly ,  59% of 
s p o t t e d  d o l p h i n  a n d  9 6 %  of s p o t t e d  p l u s  s p i n n e r  d o l p h i n
schoo l s  co-occurred w i t h  b i r d  f locks .  Most l a rge  schoo l s  of 
these  d o l p h i n s  were a s s o c i a t e d  w i t h  b i r d s ,  and  t h e  number 
and d i v e r s i t y  of b i r d  s p e c i e s  inc reased  w i t h  do lphin  school  
s i ze .  The average species composi t ion of b i r d s  i n  dolphin-
a s s o c i a t e d  f l o c k s  of no r the rn  t r o p i c a l  waters was: boobies  
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41.7% I Wedge-tailed Shearwaters ( P u f f i n u a  pac i f  i c u s )  31.4% I 
j a e g e r s  12.8%1 Sooty Terns ( S t e r n a  fuscata1 6 % r  f r i g a t e b i r d s
3 . 6 % ~ and o t h e r s  4.5%. P o s i t i v e  s t a t i s t i c a l  a s s o c i a t i o n s  
were found among these b i r d  s p e c i e s ,  which a r e  expla ined  by 
common a t t r a c t i o n  t o  f o o d  made a v a i l a b l e  by f e e d i n g
y e l l o w f i n  t u n a .  I n  t h e  s o u t h e r n  l a t i t u d e s  and i n  t h e  
c e n t r a l  P a c i f i c ,  f l o c k s  were dominated by Sooty T e r n s ,  and 
few f l o c k s  were a s s o c i a t e d  w i t h  d o l p h i n s .  These  f l o c k s  
a p p e a r e d  t o  be  a s s o c i a t e d  w i t h  s k i p j a c k  r a t h e r  t h a n  
y e l l o w f i n  tuna. 

Go ldbe rg ,  S t e p h e n  R. and David W. K. Au.  1 9 8 6 .  T h e  spawning
of skipjack t u n a  from s o u t h e a s t e r n  B r a z i l  as determined from 
h i s t o l o g i c a l  e x a m i n a t i o n  of o v a r i e s ,  pp. 277-184 .  In: P. 
E. K. Symons ,  P. M.  M i y a k e  a n d  G. T. S a k a g a w a  ( e d s . 1 ,
P r o c e e d i n g s  of t h e  I C C A T  C o n f e r e n c e  on t h e  I n t e r n a t i o n a l  
Skipjack Year Program, Madrid, 1986.  

A t o t a l  of 9 6 1  s k i p j a c k  t u n a  o v a r i e s  f rom s o u t h e a s t e r n  
B r a z i l  w a s  e x a m i n e d  t o  d e t e r m i n e  t h e i r  r e p r o d u c t i v e
c o n d i t i o n .  T h e  B r a z i l i a n  f i s h  were sampled  f rom November 
1 9 8 1  t o  J u l y  1 9 8 2  f rom t h e  c o a s t a l  a r e a  s o u t h  of Cab0 F r i o  
between 2 2 " s  and 2 8 " s  l a t i t u d e .  A p o r t i o n  of t h e  popu la t ion  
was i n  n e a r  s p a w n i n g  c o n d i t i o n  i n  November a n d  t h i s  
c o n d i t i o n  cont inued  through March. Ovaries ob ta ined  du r ing
May-June were m a i n l y  r e g r e s s e d .  The  smal les t  s e x u a l l y  
mature female i n  our sample was 510  mm. The minimum gonad
index of mature f i s h  was 30. H i s t o l o g i c a l l y  mature o v a r i e s  
r e p r e s e n t  a wide  range of gonad indexes,  i nc lud ing  r ipen ing
and r e c e n t l y  spawned cond i t ions .  

Gravest John E. and Andrew E. Dizon. 1986. Mitochondrial  DNA 
g e n e t i c  s i m i l a r i t y  of A t l a n t i c  and Pac i f ic  sk ip j ack  tuna  and 
i t s  management i m p l i c a t i o n s ,  pp. 237-241 .  In: P. E. K. 
Symons, P. M. Miyake and  G. T. Sakagawa (eds.1, P r o c e e d i n g s
of t h e  ICCAT Conference on t h e  I n t e r n a t i o n a l  Skipjack Year 
Program, Madrid, 1986.  

R e s t r i c t i o n  enzyme a n a l y s i s  of m i t o c h o n d r i a l  DNA ( m t D N A )
p r o v i d e s  t h e  mos t  p o w e r f u l ,  p r a c t i c a l  t o o l  c u r r e n t l y
a v a i l a b l e  f o r  d e t e r m i n i n g  t h e  g e n e t i c  b a s i s  of p o p u l a t i o n  
structure.  T h i s  t echnique  a p p l i e d  t o  s k i p j a c k  tuna  from t h e  
A t l a n t i c  and P a c i f i c  Oceans d e m o n s t r a t e d  no s i g n i f i c a n t
g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  f i s h  f rom d i f f e r e n t  o c e a n  
b a s i n s  a l though within-sample v a r i a t i o n  was detected. These  
r e s u l t s  a r e  c o n s i s t e n t  w i t h  t h e  l ack  of m o r p h o l o g i c a l  and  
e l e c t r o p h o r e t i c  d i f f e r e n t i a t i o n  of A t l a n t i c  a n d  P a c i f i c  
s k i p j a c k  tuna  found i n  prev ious  s t u d i e s  and s t r o n g l y  s u g g e s t
s u f f i c i e n t  gene f low between ocean b a s i n s  t o  p reven t  g e n e t i c
d i f f e r e n t i a t i o n .  A s  no s i g n i f i c a n t  g e n e t i c  d i f f e r e n t i a t i o n  
was e x h i b i t e d  between A t l a n t i c  and Pac i f ic  s k i p j a c k  t u n a  it 
i s  u n l i k e l y  t h a t  g e n e t i c a l l y  d i s t i n c t  s t o c k s  e x i s t  w i t h i n  
t h e  A t l a n t i c  Ocean. C o n s e q u e n t l y ,  any s u b d i v i s i o n s  of 
A t l a n t i c  s k i p j a c k  i n t o  management u n i t s  will have  t o  be 
based upon non-genetic c r i t e r i a .  
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Hunter r  John  R.r A. W. Arguer W i l l i a m  H. B a y l i f f ,  Andrew E. 
Dizonr A l a i n  Fonteneaur  D a n i e l  Goodmanr and G u n t e r  R. 
Seckel.  1986.  T h e  dynamics  of t u n a  movements: a n  
e v a l u a t i o n  of pas t  and  f u t u r e  r e s e a r c h .  F A 0  F i s h .  Tech. 
Pap. 277r 78 p. 

Weaknesses  i n  u n d e r s t a n d i n g  of t u n a  d i s t r i b u t i o n s  and  
movements  have  c o n s t r a i n e d  t h e  deve lopmen t  of r a t i o n a l  
management p o l i c i e s .  U n c e r t a i n t i e s  e x i s t  i n :  t h e  s e l e c t i o n  
of management p l a n s  and  c a t c h  and  e f f o r t  d a t a  t h a t  a r e  
r e p r e s e n t a t i v e  of a s t o c k ;  q u a n t i f i c a t i o n  of  exchange  of 
a d u l t s  among management j u r i s d i c t i o n s  and f i s h i n g  gears ;  and 
i d e n t i f i c a t i o n  of t h e  r e l a t i o n s h i p s  between t h e  environment 
and  t u n a  movements. T h i s  r e p o r t  s u m m a r i z e s  a s e r i e s  of 
d i s c u s s i o n s  between a panel  and groups of e x p e r t s  on how t o  
i n c r e a s e  u n d e r s t a n d i n g  of t h e s e  and  o t h e r  t u n a  management
p r o b l e m s .  W e  d i s c u s s  t h e  u n c e r t a i n t i e s  i n  c u r r e n t  
management p o l i c y  caused by l a c k  of u n d e r s t a n d i n g  of t u n a  
movement dynamics .  We d e s c r i b e  and e v a l u a t e  t h e  r e s e a r c h  
a p p r o a c h e s  p r e s e n t l y  u s e d  t o  d e s c r i b e  t h e  movements of  
tunas--mark and r e c a p t u r e  and a c o u s t i c  tracking--and t h o s e  
which might be used o r  are  j u s t  being appl iedr  i n c l u d i n g  new 
t a g g i n g  s y s t e m s r  measurement  of p h y s i o l o g i c a l  s t a t e  and  
m i c r o c o n s t i t u e n t s  of mine ra l i zed  tissue. Act ions  needed t o  
improve t h e  knowledge of tuna  movements are: 1) e s t a b l i s h  
i n t e r n a t i o n a l  arrangements  t o  s h a r e  t u n a  movement da ta r  t o  
ana lyse  movements on an oceanwide and worldwide b a s i s  and t o  
l i n k  i n t e r n a t i o n a l  o c e a n o g r a p h i c  programs;  2) i n c r e a s e  
number and k inds  of obse rva t ions  of movements of tuna  i n  t h e  
v e r t i c a l  p l a n e ;  3 )  d e v e l o p  a n d  u s e  t e c h n o l o g y  f o r  t r a c i n g
t h e  actual pa ths  fo l lowed by t u n a s  over extended p e r i o d s  and 
f o r  measuring movements independent of t h e  f i s h e r y ;  and 4 )
c o n d u c t  i n t e n s i v e  s t u d i e s  on t u n a  movement dynamics  which  
combine  o l d  w i t h  t h e  new t e c h n o l o g i e s  d i s c u s s e d  i n  t h e  
r e p o r t .  

Mendelssohnr  R. and C1.  Roy. 1986.  E n v i r o n m e n t a l  i n f l u e n c e s  
on  t h e  F rench ,  I v o r y  Coas t r  S e n e g a l e s e  and  Moroccan t u n a  
c a t c h e s  i n  t h e  Gu l f  of Guinear  pp. 170-188. In: P. E. K. 
Symonst P. M. Miyake and  G. T. Sakagawa (eds.1, P r o c e e d i n g s
of t h e  ICCAT Conference on t h e  I n t e r n a t i o n a l  Skipjack Year 
Program# Madridr 1986. 

B o t h  l o c a l  and b roadsca le  dynamic r e l a t i o n s h i p s  were s t u d i e d  
be tween  c a t c h  p e r  u n i t  of e f f o r t  (CPUE)  f o r  y e l l o w f i n  a n d  
s k i p j a c k  t u n a s  i n  t h e  Gul f  of Guinea ,  and s e a - s u r f a c e  
t e m p e r a t u r e s  (SST) I and wind  speed .  T h e  r e s u l t s  s u g g e s t e d
by a p a r t i c u l a r  t empera tu re  du r ing  one t i m e  pe r iod  w i l l  lead 
t o  h i g h  CPUEr  w h i l e  a t  a n o t h e r  i t  w i l l  l e a d  t o  low CPUE. 
O u r  a n a l y s i s  was n o t  r e s t r i c t e d  t o  w h e r e  f i s h i n g  a c t u a l l y  
occurred .  
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We used a r e c e n t l y  developed a lgo r i thm t o  complete  miss ing  
CPUE and  e n v i r o n m e n t a l  d a t a .  Models were d e v e l o p e d  f o r  
e leven  s e p a r a t e  sub-areas of t h e  Gulf of Guinea.  Detai ls  of 
t h e  method a r e  provided i n  an appendix. R e s u l t s  from t h e s e  
mode l s  s u g g e s t e d  t h a t  t h e  e n v i r o n m e n t a l  v a r i a b l e s  unde r  
s tudy  reflected an oceanographic p rocess  invo lv ing  upwel l ing  
a n d  c o n c e n t r a t i o n  o f  n u t r i e n t s  a m o n t h  p r i o r  t o  good
f i s h i n g t  fo l lowed by a r r i v a l  of r e l a t i v e l y  warmer waters two 
w e e k s  p r i o r  t o  good f i s h i n g .  

W e  c a l c u l a t e d  dominan t  modes of v a r i a b i l i t y  f o r  e a c h  
p a r a m e t e r  i n  t i m e  and  s p a c e  by s i x  w e e k  and  one  y e a r
p e r i o d s .  The d o m i n a n t  mode f o r  SST showed a s p a c e - t i m e  
movement t h a t  was c o n s i s t e n t  w i t h  a r e c e n t l y  d e v e l o p e d
theory  of remote f o r c i n g  i n  t h e  e q u a t o r i a l  A t l a n t i c .  

M i l s o m t  W. K.t a n d  R. W. B r i l l .  1 9 8 6 .  Oxygen s e n s i t i v e  
a f f e r e n t  i n f o r m a t i o n  a r i s i n g  f rom t h e  f i r s t  g i l l  arch of 
y e l l o w f i n  tuna.  Respir .  Phys io l .  66:193-203. 

S i n g l e  nerve f i b e r  d i s c h a r g e  was recorded from 02 s e n s i t i v e  
r e c e p t o r s  i n  t h e  f i r s t  g i l l  a r c h  of t h e  y e l l o w f i n  t u n a t
hhunnus n lhaca res t  In v i t z q .  T h e s e  r e c e p t o r s  were 
inne rva ted  by t h e  vagus nerve  and inc reased  t h e i r  d i s c h a r g e
i n  r e s p o n s e  t o  d e c r e a s i n g  p e r f u s i o n  r a t e t  d e c r e a s i n g  
p e r f u s i o n  PO^ andt  i n  mos t  f i b e r s ,  t o  d e c r e a s i n g  e x t e r n a l  
po2. F ibers  responding t o  environmental  hypoxia e x h i b i t e d  
an exponen t i a l  i n c r e a s e  i n  d i s c h a r g e  t o  dec reas ing  e x t e r n a l  
P 0 2 t  w i t h  a s e n s i t i v i t y  s i m i l a r  t o  t h a t  e x h i b i t e d  by c a t  
c a r o t i d  body c h e m o r e c e p t o r s .  I n d i r e c t  e v i d e n c e  s u g g e s t s
t h a t  t h e s e  r e c e p t o r s  are  l o c a t e d  near  t h e  g i l l  v a s c u l a t u r e  
a n d  a r e  more s e n s i t i v e  t o  c h a n g e s  i n  a r t e r i a l  P o 2  t h a n  
water P T h e i r  r e s p o n s e  c h a r a c t e r i s t i c s  and h y p o x i c
s e n s i t i v i  y st rongly i m p l i c a t e  them a s  t h e  a f f e r e n t  l i m b  i n  
t h e  c a r d i a c  r e s p o n s e s  and p e r h a p s  a l s o  t h e  v e n t i l a t o r y  
responses  e x h i b i t e d  by tuna  t o  environmental  hypoxia. 

Myrickt  A. C.t Jr.t  A. A. Hohn, J. Bar lowt  and P. A. S loan .  
1986.  R e p r o d u c t i v e  b i o l o g y  of f e m a l e  s p o t t e d  d o l p h i n s t
S t e n e l u  a t e n u a t a t  f rom t h e  e a s t e r n  t r o p i c a l  P a c i f i c .  
F ish .  B u l 1 . t  U.S. 84(2 )  :247-259. 

R e p r o d u c t i v e  p a r a m e t e r s  were e s t ima ted  f rom a b o u t  4,700 
f e m a l e  s p o t t e d  d o l p h i n s  c o l l e c t e d  i n  t h e  e a s t e r n  t r o p i c a l
P a c i f i c  from 1973 t o  1981. From t h i s  sample, specimens f o r  
which ages  were est imated were d iv ided  i n t o  two s u b s e t s  and 
were used  t o  e s t i m a t e  a g e - s p e c i f i c  r a t e s  f o r  t h e  n o r t h e r n  
o f f s h o r e  s t o c k  of t h i s  s p e c i e s .  The y o u n g e s t  s e x u a l l y  
mature  i n d i v i d u a l  was 1 0  y e a r s  old;  t h e  o l d e s t  i m m a t u r e  was 
17 yea r s ;  t h e  youngest and o l d e s t  pregnant  i n d i v i d u a l s  were 
1 0  and 35 y e a r s t  r e s p e c t i v e l y .  T h e r e  was h i g h  i n d i v i d u a l  
v a r i a b i l i t y  i n  t h e  a c c u m u l a t i o n  of c o r p o r a  w i t h  age ;  t h e  
o v u l a t i o n  r a t e  a p p e a r s  t o  s l o w  a b r u p t l y  a f t e r  t h e  e i g h t h
o v u l a t i o n .  Average a g e  a t  a t t a i n m e n t  of s e x u a l  m a t u r i t y  
( A S M I  f o r  a l l  y e a r s  r anged  f rom 1 0 . 7  t o  1 2 . 2  y e a r s  (X = 1 1 . 4  

x 
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y e a r s )  f o r  t w o  s e t s  o f  a g e  e s t i m a t e s ;  no  s i g n i f i c a n t
t e m p o r a l  change  i n  ASM was detected.  C o r r e l a t i o n  b e t w e e n  
c o l o r  phase and s t a t e  of s e x u a l  m a t u r i t y  s u g g e s t s  t h a t  c o l o r  
p h a s e  may be a good i n d i c a t o r  of m a t u r i t y  f o r  t h i s  s tock .  
The average annual pregnancy r a t e  was about 0.33; t h i s  ra te  
d i d  n o t  change s i g n i f i c a n t l y  w i t h  age. The c a l v i n g  i n t e r v a l  
was 3.03 y e a r s  (SE = 0.205). The l a c t a t i o n  p e r i o d  was 1.66 
y e a r s ,  b u t  t h e r e  was a s i g n i f i c a n t  i n c r e a s e  n o t e d  i n  t h e  
p e r c e n t  l a c t a t i n g  f rom 1973 t o  1981. A low p e r c e n t a g e  of 
p o s t r e p r o d u c t i v e  f e m a l e s  was found  i n  t h e  s a m p l e  (0.4%)
i n d i c a t i n g  t h a t  r e p r o d u c t i v e  s e n e s c e n c e  i s  o f  l i t t l e  
importance i n  r ep roduc t ive  r a t e s  of t h i s  s tock .  

O l s o n ,  R. J. a n d  C. H. Boggs.  1986. Apex p r e d a t i o n  by
y e l l o w f i n  tuna  (Thunnus m a c a r es): Independent estimates 
from gas t r i c  evacuat ion  and stomach con ten t s ,  b i o e n e r g e t i c s ,
a n d  c e s i u m  c o n c e n t r a t i o n s .  Can. J. F i s h .  Aquat .  Sc i .  
43 :1760-1775. 

Three approaches f o r  e s t i m a t i n g  p r e d a t i o n  by y e l l o w f i n  tuna  
( 2 h n u  idhacares)  were compared: (1) s tomach  a n a l y s i s
ad jus t ed  f o r  g a s t r i c  evacuat ion;  (2) food energy required as 
a f u n c t i o n  of swimming s p e e d  i n  y e l l o w f i n  t r acked  a t  sea;
and  (3) food  i n t a k e  needed  t o  m a i n t a i n  o b s e r v e d  c e s i u m  
c o n c e n t r a t i o n s .  Gas t r i c  e v a c u a t i o n  d a t a  f r o m  c a p t i v e
y e l l o w f i n  were best f i t  by l i n e a r  f u n c t i o n s  of t i m e  f o r  fou r  
foods .  F i s h  w i t h  h i g h  l i p i d  c o n t e n t  (mackerel ,  Scomber 
j apon icus )  were evacuated a t  a s lower  r a t e  (p ropor t ion  pe r
hour) than  smaller f i s h  (smelt, HyDomesus p r e t i o s u s )  , squ id
( L p l i a o  o p a l e s c e n s ) I a n d  s m a l l  f r a g i l e  f i s h  ( n e h u ,
S t o l e g h o r u s  guxgureus) ,  a l l  o f  w h i c h  h a d  l o w e r  l i p i d  
c o n t e n t s .  Tuna c a p t u r e d  i n  t h e  e a s t e r n  P a c i f i c  had d a i l y
r a t i o n s  a v e r a g i n g  3.9% of body m a s s  b a s e d  on  s t o m a c h  
c o n t e n t s  a n d  g a s t r i c  e v a c u a t i o n  r a t e s ,  5.2% based  on  
b i o e n e r g e t i c s  e s t i m a t e s ,  and 6.7% based on t h e  c e s i u m  
est imate .  Swimming c o s t s  a c c o u n t e d  f o r  o n e - t h i r d  t o  one-
h a l f  of t h e  energy budget. Annual p reda t ion  by t h e  e a s t e r n  
P a c i f i c  y e l l o w f i n  popu la t ion  averaged 4.3-6.4 m i l l i o n  metric 
t o n s  d u r i n g  1970-72, depend ing  on t h e  method u s e d  f o r  
e s t i m a t i n g  r a t i o n ;  34% was f r i g a t e  t u n a s  ( A u x i s  spp.). High
growth and tu rnove r  ra tes  ( P / B  r a t i o s )  of t r o p i c a l  t u n a s  i n  
c o n t r a s t  w i t h  l o w  c o n v e r s i o n  a n d  t r o p i c  t r a n s f e r  
e f f i c i e n c i e s  sugges t  a t r o p h i c  s t ruc ture  t h a t  d i f f e r s  from 
more p roduc t ive  ecosystems. 

R e i l l y ,  Stephen B. and Jay  Barlow. 1986. Rates of i n c r e a s e  i n  
dolphin  popu la t ion  s i z e .  F i s h .  B u l l .  I U.S. 84(3) :527-533. 

Annual  f i n i t e  ra tes  of i n c r e a s e  i n  do lphin  popu la t ion  s i z e  
were e s t i m a t e d  t o  v a r y  up t o  a maximum of  1.09, u s i n g
s i m u l a t i o n ,  based on r a n g e s  i n  v i t a l  r a t e s .  V i t a l  r a t e  
ranges were d e f i n e d  from v a l u e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  
where p o s s i b l e ,  o t h e r w i s e  by making a s s u m p t i o n s  a b o u t  
b i o l o g i c a l  or  l o g i c a l  l i m i t s .  Given in fo rma t ion  on c u r r e n t  
v a l u e s ,  o r  l i m i t s ,  of one o r  more v i t a l  r a t e s ,  one c a n  u s e  
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t h e  f i g u r e s  p re sen ted  t o  de te rmine  ranges  of p o s s i b l e  r a t e s  
of i n c r e a s e  i n  popu la t ion  s ize .  The h i g h e s t  ra tes  estimated 
h e r e  ( u p  t o  1.09) a r e  p r o b a b l y  u n r e a l i s t i c ,  because of t h e  
u n l i k e l y  c o m b i n a t i o n s  of h i g h  f e c u n d i t y  a n d  low m o r t a l i t y
needed t o  a c h i e v e  them. 

Sakagawa, Gary T. 1 9 8 6 .  S k i p j a c k  f i s h e r i e s  i n  t h e  w e s t e r n  
A t l a n t i c ,  pp. 99-103.  In: P. E. K. Symonst P. M. Miyake
a n d  G. T. S a k a g a w a  ( e d s . 1 ,  P r o c e e d i n g s  o f  t h e  I C C A T  
C o n f e r e n c e  on  t h e  I n t e r n a t i o n a l  S k i p j a c k  Year Program,
Madridt 1986 . 
A v a i l a b l e  i n f o r m a t i o n  on s k i p j a c k  t u n a  i n  t h e  w e s t e r n  
A t l a n t i c  Ocean is  reviewed t o  i d e n t i f y  areas where s k i p j a c k
f i s h e r i e s  might  be developed. Areas i n  t h e  Gulf of Mexico,
Caribbean Sea and of f  s o u t h e a s t e r n  B r a z i l  appear promising 
a reas  f o r  deve lopmen t .  U t i l i z a t i o n  of f i s h  a g g r e g a t i n g
d e v i c e s  and  new p u r s e  s e i n i n g  t e c h n i q u e s  a r e  s u g g e s t e d  a s  
p o s s i b l e  methods f o r  c o n c e n t r a t i n g  s c h o o l s  and f o r  c a t c h i n g
them more e f f i c i e n t l y .  

Uchiyama, J. H. 1 9 8 6 .  Scombr idae ,  b i g e y e  t u n a ,  pp. 1 3 4 - 1 3 5 .  
-€nR. N. U c h i d a r  and  J. H. Uchiyama (eds.1, F i s h e r y  a t l a s  o f  
t h e  Northwestern Hawaiian I s lands .  NOAA Tech. Rep. NMFS-38. 

. 1 9 8 6 .  Scombr idae ,  k a w a k a w a t  pp. 1 2 8 - 1 2 9 .  Ln R. 
N. Uchidar and J. H. Uchiyama (eds.1,  F i s h e r y  a t l a s  of  t h e  
Northwestern Hawaiian I s lands .  N O M  Tech. Rep. NMFS-38. 

. 1986. Scombridae, sk ip j ack  tuna t  pp. 130-131. I n  
R. N. Uchida,  and  J. H. Uchiyama (eds.1, F i s h e r y  a t l a s  of 
t h e  N o r t h w e s t e r n  H a w a i i a n  I s l a n d s .  NOAA Tech. Rep. NMFS-
38 .  

. 1 9 8 6 .  Scombr idae ,  y e l l o w f i n  t u n a ,  pp. 1 3 2 - 1 3 3 .  
Ln R. N. Uchidat  and  J. H. Uchiyama (eds.1, F i s h e r y  a t l a s  o f  
t h e  Northwestern Hawaiian I s l ands .  NOAA Tech. Rep. NMFS-38. 

Wahlen, B r u c e  E. 1 9 8 6 .  I n c i d e n t a l  d o l p h i n  m o r t a l i t y  i n  t h e  
e a s t e r n  t r o p i c a l  P a c i f i c  t u n a  f i s h e r y ,  1 9 7 3  t h r o u g h  1 9 7 8 .  
Fish .  B u l l . ,  U .S .  8 4 ( 3 )  :559-569. 

S i n c e  t h e  l a t e  1 9 5 0 s r  l a r g e  numbers  of  d o l p h i n s  have  been  
k i l l e d  i n c i d e n t a l l y  i n  t h e  y e l l o w f i n  t u n a  p u r s e  s e i n e  
f i s h e r y  i n  t h e  e a s t e r n  t r o p i c a l  P a c i f i c .  Es t ima tes  of 
numbers of do lph ins  k i l l e d  i n c i d e n t a l l y  i n  t h i s  f i s h e r y  from 
1 9 7 3  t h r o u g h  1 9 7 8  were made p r e v i o u s l y  u s i n g  a s t r a t i f i e d  
r a t i o  e s t i m a t o r .  P r e v i o u s  e s t i m a t e s  were r e v i s e d  by
reducing t h e  number of s t r a t a  and i n c o r p o r a t i n g  r e v i s i o n s  i n  
t h e  data. Revised e s t i m a t e s  of t o t a l  m o r t a l i t y ,  which a r e  
c o n s i s t e n t l y  more p r e c i s e  t h a n  p rev ious  estimates, d e c l i n e d  
from about  1 O O t O O O  dolphins  pe r  y e a r  from 1973  through 1 9 7 6  
t o  a b o u t  25,000 a n d  15,000 d u r i n g  1 9 7 7  and 1 9 7 8 .  T h e  
d e c l i n e  i n  e s t i m a t e d  m o r t a l i t y  b e t w e e n  1 9 7 6  and  1 9 7 7  was 
p r i m a r i l y  t h e  r e s u l t  of a d e c l i n e  i n  t h e  k i l l  r a t e  wh ich  
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co inc ided  w i t h  a s i g n i f i c a n t  management a c t i o n  i n  l a t e  1976. 
Other examples d u r i n g  t h e  1964 through 1982 pe r iod  of s u c h  a 
t e m p o r a l  c o r r e s p o n d e n c e  b e t w e e n  a change  i n  t h e  number o r  
d i s t r i b u t i o n  of d o l p h i n s  k i l l e d  and  l e g a l  o r  management
a c t i o n s  a re  d iscussed .  

Wahlenr B r u c e  E.8 G. J a y  W a l k e r r  Ruth B. M i l l e r r  and C h a r l e s  W. 
O l i v e r .  1986.  C o m p o s i t i o n  of t h e  i n c i d e n t a l  k i l l  of  
smal l  c e t a c e a n s  i n  t h e  U S  p u r s e - s e i n e  f i s h e r y  f o r  t u n a  i n  
t h e  e a s t e r n  t r o p i c a l  P a c i f i c r  1982 t h r o u g h  1984. Rep. I n t .  
Whal. Comm. 36:369-374. 

C o m p o s i t i o n  of  t h e  small  c e t a c e a n  i n c i d e n t a l  k i l l  by U S  
r e g i s t e r e d  p u r s e - s e i n e r s  f i s h i n g  i n  t h e  e a s t e r n  t r o p i c a l
P a c i f i c  f rom 1989 t o  1984 i s  r e p o r t e d  by a r e a r  s p e c i e s ,
s t o c k r  s e x l  l e n g t h  and  r e p r o d u c t i v e  c o n d i t i o n .  The d a t a  
were c o l l e c t e d  by Inter-American Trop ica l  Tuna Commission 
a n d  N a t i o n a l  Mar ine  F i s h e r i e s  S e r v i c e  t e c h n i c i a n s  p l a c e d
a b o a r d  a t o t a l  of 1 6 2  v e s s e l - t r i p s  made d u r i n g  t h e s e  t h r e e  
y e a r s .  D i f f e r e n c e s  b e t w e e n  t h e  d a t a  t r e a t m e n t  h e r e  a s  
opposed t o  t h a t  i n  two previous  papers  a re  discussed. 

Weber, J. M . r  R. W. B r i l l !  a n d  P. W. H o c h a c h k a .  1 9 8 6 .  
Mammalian m e t a b o l i t e  f l u x  rates i n  a t e l e o s t :  l a c t a t e  and 
g l u c o s e  t u r n o v e r  i n  tuna .  Am. J. P h y s i o l .  250 ( R e g u l a t o r y
I n t e g r a t i v e  Comp. Physiol .  19)  :R452-R458. 

c Lacta te  and g l u c o s e  t u r n o v e r  r a t e s  were measured by b o l u s  
i n j e c t i o n  o f  [ U - 1 4 C I  l a c t a t e  a n d  [6-3Hl g l u c o s e  i n  
c a n n u l a t e d  1i g h  t l y  a n e s t h e t i z e d  sk i p j ac k t unar K a t s u w onus
Pelam-. Our  g o a l s  were 1) t o  f i n d  o u t  w h e t h e r  t h e  h i g h  
r a t e s  of l a c t a t e  c l e a r a n c e  r e p o r t e d  d u r i n g  r e c o v e r y  f r o m  
b u r s t  swimming i n  tuna  could  be accounted f o r  by high blood 
l a c t a t e  f l u x e s :  2 )  t o  e x t e n d  t h e  o b s e r v e d  c o r r e l a t i o n  
b e t w e e n  l a c t a t e  t u r n o v e r  and l a c t a t e  c o n c e n t r a t i o n  i n  
m a m m a l s  t o  a nonmammalian sys t emr  and  3)  t o  assess  t h e  
importance of l ac t a t e  and g lucose  a s  me tabo l i c  f u e l s  i n  tuna  
a n d  t o  compare  t h e i r  f l u x  r a t e s  w i t h  v a l u e s  r e p o r t e d  f o r  
m a m m a l s .  Measured l ac t a t e  turnover  ra tes  ranged from 112 t o  
431 molomin-l-kg-l and were c o r r e l a t e d  w i t h  blood l ac t a t e  
c o n c e n t r a t i o n  G l u c o s e  t u r n o v e r  r a t e  a v e r a g e d  15 .3  
mol*min- l*kg- i .  When c o r r e c t i n g  f o r  body m a s s  a n d  
t e m p e r a t u r e r  s k i p j a c k  t u n a  h a s  a t  l e a s t  a s  h i g h  o r  even  
h i g h e r  l a c t a t e  t u r n o v e r  r a t e s  t h a n  t h o s e  r e c o r d e d  f o r  
m a m m a l s .  Tuna g lucose  turnover  r a t e  i s  s imi la r  t o  t h a t  of 
m a m m a l s  b u t  much h igher  t han  l e v e l s  found i n  o t h e r  t e l e o s t s .  
Even t h e  h i g h e s t  l a c t a t e  t u r n o v e r  r a t e  measured  i n  t u n a  
cannot  f u l l y  account  f o r  t h e  r a t e  of blood l ac t a t e  c l e a r a n c e  
o b s e r v e d  d u r i n g  r e c o v e r y 1  s u g g e s t i n g  t h a t  some of t h e  
l ac t a t e  produced i n  ske le ta l  m u s c l e  m u s t  be metabol ized  i n  
s i t u .  Af t e r  i n j e c t i o n  of tU-14C1 lactater  <5% of t h e  t o t a l  
blood a c t i v i t y  was recovered i n  glucoser sugges t ing  t h a t  t h e  
Cor i  c y c l e  is no t  an  impor t an t  pathway of l a c t a t e  metabolism 
i n  t u n a .  
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TECHNICAL MEMORANDA 

Barlow, Jay  and Rennie S, Holt. 1986. P ropor t ions  of s p e c i e s
of do lph ins  i n  t h e  e a s t e r n  t r o p i c a l  P a c i f i c .  NOAA-TM-NMFS-
SWFC-56, 4 4  p. 

Overa l l  p ropor t ions  of t h e  v a r i o u s  do lph in  s p e c i e s  involved 
i n  t h e  e a s t e r n  P a c i f i c  t u n a  f i s h e r y  a r e  c a l c u l a t e d  f r o m  
s i g h t i n g s  made f r o m  f i s h i n g  a n d  r e s e a r c h  v e s s e l s .  
C o n s i d e r a b l e  g e o g r a p h i c  v a r i a b i l i t y  i s  f o u n d  i n  d o l p h i n
p r o p o r t i o n s .  O v e r a l l  s p e c i e s  p r o p o r t i o n s  a r e  t h e r e f o r e  
c a l c u l a t e d  f r o m  a w e i g h t e d  s u m  of t h e  s p e c i e s  p r o p o r t i o n s  
w i t h i n  5 - d e g r e e  g e o g r a p h i c  s t r a t a .  V a r i a n c e s  i n  t h e  
e s t i m a t e s  o f  t h e s e  p r o p o r t i o n s  a r e  c a l c u l a t e d  u s i n g
b o o t s t r a p  methods. 

The e f f e c t s  of  v a r i o u s  s i g h t i n g  f a c t o r s  a r e  t e s t ed  u s i n g
b o o t s t r a p  s ta t i s t ics .  Estimates of s p e c i e s  p r o p o r t i o n s  from 
d a t a  collected on tuna  v e s s e l s  a re  found t o  be s i g n i f i c a n t l y
d i f f e r e n t  f r o m  e s t i m a t e s  b a s e d  on r e s e a r c h  v e s s e l  d a t a .  
S u p p o r t  i s  g i v e n  f o r  t h e  s u p e r i o r i t y  of r e s e a r c h  v e s s e l  
estimates over t h o s e  made from t u n a  v e s s e l  s igh t ings .  Other  
f a c t o r s  t e s t e d  i n c l u d e  s i g h t i n g  d i s t a n c e ,  s i g h t i n g  cue,
s c h o o l  s i z e ,  y e a r ,  s ea  s t a t e r  s e a s o n ,  s e a r c h  e f f o r t !  
s i g h t i n g  p la t form,  and d i s t a n c e  from p rev ious  s i g h t i n g .  

Nearest  n e i g h b o r  a n a l y s e s  show c o n s i d e r a b l e  g e o g r a p h i c
he te rogene i ty  i n  s p e c i e s  composi t ions,  even w i t h i n  5-degree 
s q u a r e s .  S c h o o l s  of l i k e  s p e c i e s  a r e  c l u s t e r e d  t o g e t h e r .
T h e s e  r e s u l t s  e m p h a s i z e  t h e  i m p o r t a n c e  of  random o r  
s y s t e m a t i c  s e a r c h  p a t t e r n s  i n  s u r v e y s  of d o l p h i n  s p e c i e s  
p ropor t ions .  

M y r i c k ,  A l b e r t  C.1 J r .  1 9 8 6 .  P r o c e d u r e s  f o r  s a m p l i n g
d o l p h i n s :  A handbook f o r  s h i p b o a r d  o b s e r v e r s .  NOAA-TM-
NMFS-SWFC-62, 69 p. 

ADMINISTRATIVE REPORTS 

B a r r e t t r  I z a d o r e  and  E. C h a r l e s  F u l l e r t o n .  1986.  R e p o r t  of 
t h e  j o i n t  NMFWindustry review of p l a n s  and o p e r a t i o n s  f o r  
r e sea rch ,  development and management of t h e  P a c i f i c  a l b a c o r e  
f i s h e r y ,  December 11 and 1 2 ,  1985. N a t l .  Mar. Fish. Serv., 
N O M ,  La J o l l a r  C a l i f o r n i a ,  SWFC Admin. Rep. LJ-86-05, 9 p. 

B r i l l ,  R. W. ( ed . ) .  1986. P r o c e e d i n g s  of t h e  3 7 t h  Annual T u n a  
Confe rence ,  May 1 8 - 2 1 t  1986.  N a t l .  Mar. F i s h .  Serv. ,  NOAAt 
Honolulu, H a w a i i ,  SWFC Admin. Rep. H-86-19, 54 p. 
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